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LETTER OF TRANSMITTAL. 
DEPARTMENT OF THE INTERIOR, 
UNITED STATES GEOLOGICAL SURVEY, 
Washington, D. 0., November 11, 1896. 
SIR: I beg to transmit the report by Mr. Arthur P. Davis on the 
investigation of the water supply for the Gila River Indian Reserva-
tion, Ariz. 
The occasion of ·this investigation lies in the necessity of promptly 
providing water for use in agriculture on this reservation. The 
Indians here located have from time immemorial been self-support-
ing. They have carried on irrigation for centuries by means of 
water taken from Gila River. This river, however, derives its supply 
from remote regions and flows for several hundred miles through 
arid lands susceptible of a high degree of cultivation by irrigation. 
The amount of water flowing in the river is, moreover, far less than 
that needed to supply the fertile lands along its course. 
For a number of years the United States has been and still is rap-
idly disposing of the land along the river, it being well known that 
these lands have no value unless water is taken from the stream, and 
it has been equally apparent that by this action the Indians would be 
pauperized by being deprived of their only means of support. Public 
attention has been called to this matter from time to time, and a con-
siderable body of correspondence exists, the accumulated papers 
being referred backward and forward from bureau to bureau for the 
past decade, but no solution of the question has been reached. Mean-
while it is asserted that the Indians, learning to depend upon the 
Government for food and clothing, have been rapidly losing their 
capabilities for self-support and are becoming a permanent charge 
and source of annual expense. If they are to be kept from further 
degradation it is necessary that prompt action be taken toward ena-
bling them to practice some means of self-support. This is possible 
only by securing to them the means of obtaining an ample supply of 
water. 
In the report herewith transmitted Mr. Davis discusses various 
means of obtaining water, suggested in the course of the long prelimi-
nary correspondence and by careful examination of the ground. The 
first and most obvious is that of compelling the white man to turn back 
into the river an amount of water equal to that formerly employed by 
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the Indians. This is in line with the prevailing doctrine of priority . 
of right, and would seem at first glance to be the simplest solution. 
Further consideration, however, shows that it is impracticable. The 
Government has taken no steps to protect the prior claims of the 
Indians to the water, and, on the other hand, has acquiesced in its 
diversion to the lands which it has disposed of to other parties all along 
the stream. These lands have passed from one holder to another, and 
it would be the height of injustice to deprive the present occupants of 
the water which they have been using for many years and without 
which their property would become worthless. Such a course, too, 
would be opposed to the common-sense view of the question, in that, 
in order to irrigate 1 acre on the reservation, enough water must be 
kept in the upper course of the stream to irrigate several acres, the 
loss from evaporation and seepage being extremely great as the water 
slowly finds its way across scores of miles of arid plain. Several acres 
well tilled by white men would thus be destroyed for the benefit of 1 
acre poorly worked by the Indians. 
The next question which is suggested is whether water can not be 
had on the reservation itself by means of wellt1, possibly artesian in 
character. Well of this character do not, as a rule, furnish sufficient 
water to be of relatively great importance to irrigation. vVero it pos-
sible to obtain wells similar to some of those in the Dakotas, rrexas, 
or California, water might be had at a cost which, though large, would 
not b prohibitory. There are, however, few reasons to hope for the 
uc es ful construction of wells delivering a large quantity of water 
, uffi iently weet for use in agriculture. On this point, however, 
there i ne e sity for a careful study of the geologic structure of the 
r gi n. Thi can be made only by the expenditure of considerable 
im and mon y-more than was available for the investigation com-
plet d b Mr. Davis. 
n h low r land of th r 
IRRIG.ATION INVES'fIGATION. 5 
amounts of water can be obtained from these wells, and has made as 
careful estimates as his opportunities permitted of the cost of install-
ing pumping plants. He has shown that the first cost is not relatively 
great, but that the consumption of fuel and the annual maintenance 
will be so large that, all things considered, this is not ultimately the 
most economicaL For small pumping plants sufficient to cover 200 
acres of land the first cost will be about $5,000, or $25 per acre, and 
the annual cost $1,000, or $5 per acre cultivated. 
The purchase of water from some corporation has been urged as 
a solution of the difficulty. Although the low-water flow of Gila 
River is fully used, yet there are possibilities of storing the floods of 
it and of its large tributary, Salt River. A number of projects have 
been entered upon by promoters and capitalists, having in view the 
construction of large dams to furnish an additional supply to canals 
now covering more land than can be properly irrigated. The chief 
difficulty here lies in the impracticability, proved by past experience, 
of the Government entering into a partnership or becoming a tenant 
of any corporation. In this case the difficulty is aggravated by the 
fact that none of these projects are actually complete, and their 
achievement depends, to a certain extent, upon the share that the 
Government may take in the construction. It has been proposed to 
facilitate the raising of capital for these storage projects by the grant 
of a considerable body of land, but, as shown by Mr. Davis, it would 
be preferable as a business proposition for the Government to do all 
the work and dispose of the benefited land, keeping the increased 
value to repay the cost of the project. The Government, not having 
exclusive_ control of the reservoir, would not be sure of the successful 
completion or of proper maintenance. 
The matter of the construction of a reservoir to hold flood waters 
for use on the reservation has been most carefully considered by Mr. 
Davis. Ile has made a thorough survey of the most obvious site, that 
at The Buttes, 25 miles above the reservation. The careful survey 
shows that a dam reaching a height of 160 feet above the bed of the 
river will impound very nearly 208,000 acre-feet. Unfortunately, at 
this point the depth to bed rock is considerable, necessitating the 
construction of a dam 235 feet in height above the solid rock. The 
total cost of a masonry dam at this point, including probable damages 
to private property, will be, in round numbers, $2,244,000, or less 
than $30 per acre for the land which can be irrigated. The annual 
cost of maintenance is estimated to be not more than $15,000, or, in 
round numbers, 20 cents per year per acre covered. 
The report discusses at some length the supply available for this 
reservoir, the probability of its being in time reduced in capacity by 
silt, and the possibility of removing a portion of this silt by hydraulic 
works. The capacity of this reservoir will be, of course, largely in 
e.xcess of the needs of the Indians, and it has been shown that this 
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extra water can probably be sold with the land at a cost sufficient to 
defray the greater part of the expense of construction. 
In the course of this investigation a smaller reservoir site was 
examined to the north, on what is known as Queen Creek, an inter-
mittent stream down whose channel a considerable amount of flood 
water pours at irregular intervals. For this locality it was deemed 
most desirable to use a rock-filled dam with an apron on the upstream 
side, consisting of a pavement of asphalt concrete. A dam 115 feet 
in height above the bed of the creek will hold over 27,000 acre-feet. 
Of this amount it is estimated that fair reliance can be placed upon 
an annual use of 10,000 acre-feet, the balance being held for future 
use and to replace the loss by evaporation. The estimated cost will 
be $221,000, or about $35 per acre for the land actually watered, this 
being considerably highel' per acre than for the reservoir at The 
Buttes, but the first cost being notably less. Mr. Davis has shown 
that the water held by a structure at this place can, however, be 
employed to better advantage on landi;; nearer to the reservoir, instead 
of being carried down to the reservation. 
This report brings matters to the point where some decisive step 
must be taken unless the policy of procrastination is to be continued. 
The facts are now before the Department, and · can be presented to 
Congress with recommendations through the proper channels. It is 
highly important, however, that the observations of river ·flow be 
maintained through a considerable period, in order that more reliable 
estimates may be made of the amount of water available for storage. 
These ob ervations should be maintained continuously up to the time 
a final decision is reached or until construction is begun at one or 
both of the re ervoir sites. 
ery respectfully' I( II. NEWELL, 
Hydrographer. 
Hon. HARLE D. w ALCOTT, 
Director nited States Geologiciil Swrvey. 
REPORT ON THE IRRIGATION INVESTIGATION FOR THE BENE-
FIT OF THE PIMA AND OTHER INDIANS ON THE GILA RIVER 
INDIAN RESERV A.TION, ARIZONA. 
By ARTHUR P. DA VIS. 
WASHINGTON, D. C., November 10, 1896. 
Sm: By your letter of November 25, 1895, I was authorized and 
directed to proceed from Washington, D. C., to Florence, Ariz., and 
from there to other points in the Territory of Arizona, for the purpose 
of making an investigation for a water supply for the Gila Indian 
Reservation, this work being carried on under the allotment of $3,500 . 
from the amount appropriated by the Indian appropriation act of 
March 2, 1895, according to the designation made by letter of N ovem-
ber 6 by the honorable the Secretary of the Interior. 
In accordance with these instructions I started for Arizona on the 
29th day of November, 1895. The work contemplate<l requiring the 
equipment of field parties, four animals, together with wagons and a 
quantity of camp material, the property of the United States Geolog-
ical Survey, were shipped from Los Angeles, Cal., to Casa Grande, 
Ariz., for use upon this work. As soon as practicable, measurements 
of the flow of the Gila River were begun at a point about 14 miles east 
of Florence, where the river passes through a narrow gorge known as 
The Buttes. Mr. Cyrus C. Babb, assistant hydrographer, was detailed 
to assist in the work, and reported for duty January 1, 1896. 
The various investigations required by this assignment were taken 
up as circumstances permitted and conditions became favorable, and 
in order to make this report more connected, the investigation and 
results will be reported by topics rather than in chronological order. 
THE PROBLEM. 
The problem under investigation is well stated in the following 
extract from a letter to the honorable the Secretary of the Interior 
from the Acting Commissioner of Indian Affairs, dated January 5, 
1891: 
The matter of the diversion of the accustomed water supply for the Pima Res-
ervation appears to have been before this office and the Department for the last 
four or five years. In a report dated March 1, 1886, Commissioner Atkins invited 
the attention of the Department to a letter from Agent Wheeler stating that there 
was a project on foot to take the water from the Gila River at a point about 12 
miles above the town of Florence, by means of an irrigating canal, in such quan-
tities as would practically destroy the farms of the Pima and Maricopa Indians 
living on the river, from a point a little below Florence to its junction with Salt 
River, and that the effect would be to render the Pimas helpless and destitute, 
the water being absolutely necessary to their existence. .It was suggested that 
the subject be referred.to the Attorney"General with the request that the United 
. 7 
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States attorney for Arizona be instructed to take such steps under the Federal or 
Territorial law as might be necessary to protect the Indians in their rights. 
March 2, 1886, the subject was referred by the Department to the Attorney-
General, who directed the United States attorney for Arizona to take the necessary 
steps to protect the said Indians from the effects of the projected canal. 
His report was received by this Department with letter from the Attorney-Gen-
eral of June 4, 1886. From his report it appeared that a stock company had been 
organized for the construction of a c.1,nal with a capital of $1,000, 000. He was 
unable to state, however, what effect a canal or dam would have on the river 
below, and suggested that as the dam would not be constructed before October, 
1886, suit should not be brought until more facts had been obtained by some one 
charged specially with the matter. 
July 14, 1886, this office again brought the matter to the attention of the Depart-
ment, recommending that the Director of the Geological Survey be instructed to 
detail a competent man from that Bureau to investigate and report to the Depart-
ment whether the effect of the proposed canal would be likely to prove disastro~s 
to the Indians, and whether the canal company could and would construct ~mt-
able ditches and connect the canal with the reservation and supply the Indians 
with a sufficiency of water. 
The investigation suggested was made by the Geological Survey, as a result of 
which the following facts were established: 
(1) That the water supply of the Pima and Maricopa reservations under present 
conditions is no more than sufficient for the wants of the Indians. 
(2) That the construction of a dam of the character represented in the corre-
spondence will give the control substantially of all the water of the Gila River, 
and if the owners of the dam carry the water right also, they can deliver the water 
to the reservation or not, as best suits their plans. 
(3) That the lands outside the reservation which could be economfoally sup-
plied with water by such a canal greatly exceed in area the amount that the river 
is capable of supplying, and that the company with the water rights established 
would own the water, with a demand far exceeding the supply, and the Gov~rn-
ment would have to approach them as a competitor in the market to obtam a 
supply for the Indians of the reservation. 
(4) That if the water supply from the river be shut off the Indian reservation 
would become uninhabitable. 
(5) If the dam and canal should be constructed, the present and immediate 
pro pective needs of the r e ervation might be supplied therefrom, and there would 
be some urplu water to be used for irrigating lands outside the reservation. 
(6) That if the agriculture of the Indians residing on the reservation is to have 
normal growth and it be the intention to settle other Indians of'the neighborhood 
who are not supplied with agricultural lands on the reservation, the greater part, 
and p rhaps the whole, of the waters of the Gila will be necessary therefor. 
The result of this investigation was communicated to the Government June 11, 
1 7 with the !ecommendation that the subject be again referred to the Attor-
ney-Gen ral with reque t that the United States district attorney be directed to 
take the nece ary tep to enjoin the said canal company from any diversion of the 
wa r of the ila River to the injury of the Indians on the Pima and Maricopa 
re ervation, or t take such other teps as might be deemed advisable to protect the 
Indian in the continued enjoyment of their ri~hts. 
In office report of Augu t 6, 1 7, the attention of the Department was invited 
to previou corr pondence relative t this matter, and advised that the Florence 
anal mpany by i pre ident, in order to avoid litigation, had promised to 
en r into such ipulations a the Government might propo e, not to diminish 
th qu ntity of wa r u ed by the Indian , and a ked that the United State attor-
n y b iJ?- tru ·t d tay proceeding for a r asonable time t allow said company 
n r m such n ~ag ment. The Acting Commi sioner tated that he regarded 
b m r . J)r ti l~y ut f th han of thi Department, the United tate 
rn av:in . n m ·tru d to apply £ r an injunction restraining the com-
n fr 1 . rtin th wat r t the injury f the Indians, or to take such other 
a h m1_gh . d m a vi bl t pro t them and add d that if in th judg-
, 1 rn y in ho han he m tter r ted it would be safe 
n r in h pr p d m n h ntertain d no doubt that the 
ul arr n th t ils in m nner atisfactory to thi Depart-
i by r f r nee from th Department a c py 
a rn · f r :An:zona, _transmitting a py of 
· n 1 mp ~ bm~n said comp ny and it sue-
this canal in such manner a to deprive 
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the Indians on the Pima Reservation of any of their existing rights in the waters 
of the Gila River for irrigating purposes, and that in case it shoul.d be found that 
the diversion of water from said river by means of a eanal materially lessened at 
low stages of water the then present SUJ;>Plf of the India_ns, then in that event sa~d 
company binds itself to rem~dy the evil either by closmg the hea.d gate of their 
canal or by allowing the Indians to t_ake water from canal at a pomt neare~t the 
reservation. The papers were submitted by the Attorney-General for considera-
tion and such suggestions as this Department might deem best. 
April 11, 1888, the Commissioner referred to his letter of August 6, 1887, and 
stated that if the agreement should finally be accepted he would endeavor to pro-
cure the services of an army engineer officer to make such measurements as the 
attorney migh.t r~quire t_o deter~ine the quant_ity of water ~h,en used ~y tJJ.e 
Indians in irngatmg their farms if he were advised of the desire of the district 
attorney to have such measurements made. · 
October 23, 1890, the Acting Commissioner invited the attention of the Depart-
ment to said office letter of April 11, 1888, and recommended that the Attorney-
General be requested to advise this Department what action, if any, had been 
taken to protect the rights of said Indians against the said canal company. This 
information was requested in view of the fact that the agent at the Pima Agency 
had reported that if the canal company were permitted to have full control of the 
reservoir in connection with the canal, he feared the Indians need expect no benefit 
therefrom. No reply to this communication has been received. 
It appears from the foregoing that·this matter has been for some years and is 
still in the proper hands of law officers of the Government. 
The right of the Indians to the quantity of water which they have been accus-
tomed to obtaining from the Gila River for irrigating and domestic purposes would 
seem to be beyond discussion. 
I think it would be well to call the attention of the Department of Justice to 
previous correspondence on the subject, and to request that the proper and neces-
sary steps be at once taken to secure the rights of the Indians. 
I also have the honor to request that this office be advised as to the present 
status of the case, and of the final result of the action taken by the Department of 
Justice. 
R. V. BELT, Acting Commissioner. 
A later status of the case is given in the following letter to the Com-
missioner of Indian Affairs from the United States Indian agent at 
Sacaton, Ariz. : 
UNITED STATES INDIAN SERVICE, PIMA AGENCY, 
Sacaton, Ariz., March 27, 1895. 
Sm: I have the honor to again refer to the question of water for the Indians of 
the Gila River Reservation of this agency. 
The supply allowed to pass by the Florence and other canal companies and 
owners of irrigation ditches and reservoirs on the upper river is now entirely 
exhausted except at points where the sunken waters of the river are forced to the 
surface by natural dams. At such points the crops are good, but from present 
observations and reports I am forced to believe that a large number of these Indians 
will have to be fed during the coming winter. They have made a strong effort to 
make a crop and would have done so had the water supply not given out, and it 
did so earlier this year by thirty days than it did last year, when they had water 
until May 1, while they have been without this year since April 10. 
The e Indians, as your office is well aware, were self-supporting practically 
until a few years ago, and would be so to-day if their water supply had been pro-
tected for them. The building of dams and reservoirs and the extension of canals 
and ditches by the various canal companies along the river above the reservation, 
together with the increase of settlers and consequent increase in the supply of 
water required for their use, have all seemed to conspire against the prosperity, 
in fact the living, of these Indians. There is an especial increase to be noticed in 
the last year in the amount of water taken out on the upper Gila by the Mormon 
settlement above Fort Thomas Military Reservation, and the opening of the Fort 
Thomas Military Reservation will add to it in the next year. Every inch of water 
taken out above the reservation results in a corresponding loss to the Indians. 
Since my return from the East I have taken particular pains, and availed myself 
of every possible opportunity to discuss this question with men who are posted on 
such matters, among the number being several civil engineers of reputation and 
experience. This has resulted in only a mass of theory and talk, and no remedy 
adequate to the necessities of the case has been suggested which did not involve 
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the expenditure of a very large sum of money. Such an expenditure I am not pre-
pared to recommend until the ground, conditions, and in fact everything con-
nected with this matter have been scientifically examined by an engineer of ability 
and reputation, and a report made thereon. 
The whole matter sifted down is this: Either the Government will have to feed 
the majority of the Indians of the Gila River .Reservation-and the number of 
those requiring food will increase with each succeeding year-or they must be 
furnished with a supply of water suffici.ent to enable them to raise crops and sup-
port themselves. The question then arises as to how this supply of water is to be 
obtained, and on it there is a great diversity of opinion. Of the several methods 
which have been proposed to me I submit the following: 
(1) Submerged dams.-The Gila River is a peculiar stream. It will run in some 
places for miles with a good strong current, when suddenly the water disappears 
and will not reappear for miles beyond, where it strikes some barrier to its further 
underground flow and rises to the surface and resumes its ordinary flow and chan-
nel. The river is a sunken one from a point below Florence, about 20 miles east 
of the agency, to a point about 17 miles west of the agency. Of this distance about 
27 miles are through the reservation. The point where the river rises is near the 
crossing of the Phamix and Maricopa Railroad, and the crops there this year are 
good. The idea of a great many-persons is to sink large rock dams at various 
points along the river, thus forcing the underground current to the surface. Such 
dams are now in use on the Santa Cruz River, where they are giving satisfaction 
to their projectors. 
(2) Artesian wells.-Professor Comstock, president of the University of Arizona, 
who has made the question of sinking artesian wells a study, is of the opinion that 
they can be sunk here without ~reat trouble or more than ordinary expense. Our 
position relative to the mountam systems, the strong underflow of water through 
the reservation, and various other conditions have led him to form this opinion. 
(3) Reservoirs.-Other parties have suggested the building of large reserV0irs at 
various points above the reservation line and storing in them for use at the proper 
season the large amount of surplus water which passes down the river during the 
winter months. A large stock company is contemplating the building of such a 
re ervoir at a point called the "Buttes, '' about 15 miles east of Florence. They 
estimate it to cost about si,500,000. The suggestion is made that the Government 
guarantee this company a fair amount of annual interest in return for an adequate 
supply- of water for these Indians. I in.close a clipping from the Florence Tribune 
on this point. If such a reservoir is built as is contemplated, the Government 
will be forced to take some steps to protect the Indians in the remnant of their 
water rights. · 
uch i the condition and some of the remedies proposed. What is best to be 
done I do not know. 
I recommend, however, that a competent, thorough, and skillful engineer, well 
a-0quainted with irrigation questions, be employed to ascertain and report, first, 
wheth r or not under ex:i ting conditions a supply of water adequate to the needs 
of the e Indians can be obtained and retained permanently, and then, if such a 
upply can be obtained, what is the best, most feasible, practicable, and econom-
i al meth d of doing so. 
To properly d thi , the engineer should examine carefully the past and present 
ondition and flow of the Gila River, the amount of water which formerly passed 
throu h thi re rvation, and the amount we are now r ceiving; the number and 
am unt of in h of water for which charter for ditches have been granted in 
th differ n counties through which the Gila flows, and the amount of water 
tak n out und r h e barters together with the number of such charters as are 
no)V 1 ally in fore. ; the underground currents and rock strata along the river, 
and all m tt r wh1ch tak n together may lead to some solution of this question. 
I have ~ unable to g t an e timate of what amount such an investigation 
and rep rt ~11. co t b_ut I would . ugge t that the sum of $5,000 be et apart from 
any appropnation vailable for this purpo e. ompetent and fir t-cla s engineers 
wi h ability to make ·uch a report a thi case requires are scarce and high priced, 
and will hav be well paid. It would be money thrown away to employ a man 
not thoroughly po ted. 
This matter should be taken up oon in order that we may know wh~t to expect 
for next year. 
Very respectfully your obedient ier\'ant, 
Hon. D. M. BROWNING, 
J. ROE You G, 
United States Indian Agent. ' 
Commissioner of Indian Affairs, Washington. 
IRRIGATION INVESTIGATION. 11 
QUANTITY OF WATER. 
The actual amount of water that it is necessary to provide depends 
upon (1) the number of Indians requiring water supply; (2) the 
amount of land required for the sustenance of each Indian; (3) ·the 
duty of water-that is, the amount of water required to irrigate an 
acre of land. 
Mr. J. Roe Young, the Indian agent at Sacaton, estimates that there 
are about 2,500 Indians on the reservation who now get very little 
water, and about 600 who have none at all. Assuming that the 2,500 
mentioned obtain two-fifths of a supply of water, or that a supply for 
1,500 inhabitants would meet their wants, this, in addition to those 
now destitute of water, calls for a supply for 2,100 Indians. In addi-
tion to these are about2,000 wandering Papagoes who are continually 
committing depredations on the white settlers, and whom the Depart-
ment desires to locate upon this reservation as soon as a water sup-
ply can be furnished. It may safely be assumed that the present 
urgent requirements are for a supply sufficient for 4,000 Indians. It 
may be assumed that these Indians will require about an acre and 
a half of ground per capita, or a total of 6,000 acres of irrigated land. 
Experience in Salt River Valley has shown that about 1½ acre-feet 
of water is necessary to irrigate an acre of wheat or barley in one 
season. Alfalfa and other crops of longer season than grain require 
more water. ,...rhe Indians will doubtless devote themselves chiefly to 
grain raising, with alfalfa, vegetables, and fruits as subordinate crops. 
Itis approximately correct to adopt 10,000 acre-feet as the minimum 
supply that will meet present urgent needs on the Pima Reservation. 
As these Indians increase in number, and especially as they become 
more civilized, so as to cultivate more largely the crops of long season, 
such as fruits and alfalfa, and to tend a greater acreage, their require- · 
ments will increase, so that to permanently dispose of the problem, a 
supply of at least 20,000 acre-feet ought to be provided. 
The fact that the waters of the Indian reservation have been mate-
rially decreased by the construction of the Florence Canal is unques-
tioned. This having been permitted, the solution of the problem for a 
time seemed to depend upon legal action to prevent the diversion of the 
waters by this canal. Subsequent events, however, have altered the 
aspect of the question, from the fact that the supply for the Florence 
Canal itself is now short, owing to diversions for irrigation far above 
that point, chiefly in Graham and Cochise counties, Ariz. A broad 
view of the subject led to the conclusion that under present conditions 
it was not wise to devote any large portion of the funds allotted for this 
work to the investigation of the quantities and the legal status of diver-
sions from the river above the reservation, for the following reasons: 
(1) This aspect of the question has been in the hands of the United 
States courts for several years, during most of which time the problem 
was very much simpler than at present, and without result. Any reli-
ance upon litigation for a water supply for the reservation would neces-
sitate long delays, which in turn would complicate the problem in the 
same manner that past delays have done so. This delay, moreover, is 
exeeedinglydemoralizingto the Indians an<l expensive to the Govern-
ment by reason of public support being necessary for the Indians until 
water is furnished them. 
(2) Past experience indicates that the result of such litigation would 
be doubtful, the only certainty being the delay and expense referred to. 
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(3) Measurements made by this investigation and a general knowl-
edge of the character of the river and topography of the country indi-
cates thatvastlymorewaterwould have to be taken from the diversions 
in Graham County and near Florence than could reach the reserva-
tion, owing to the immense loss in the broad, sandy bed of that stream 
in this hot climate; it would therefore be radically opposed to sound 
public policy to do so. 
(4) If a supply of water were furnished the Indians by these means 
the effect upon the inhabitants and the general development of the 
country would be most disastrous. Nearly 7,000 acres of land are irri-
gated from the Florence Canal, and all of this land would be rendered 
barren by its being deprived of water. The same is true of large tracts 
of land in Graham County which would be deprived of water for the 
am purpose. These lands are already inhabited, cultivated, and 
improved, some of them very highly. Immense pecuniary loss and 
great injusti e would be done by depriving them of the water they 
have u d for years. 
It may be said that the users of water above the reservation have 
brourrht the e hardships upon themselves by diverting waters to which 
the Indian held claim. Thi argument might apply to some extent 
to the companies who constructed the canals in the first place, but does 
not apply to the settler who are in the position of innocent third 
partie , and who would be the r al sufferers. 
The ext nt, however, to which even the original diverters of the 
Gila water above the Indian Res~rvation are chargeable with blame is 
ind finite. The United tates Government itself must shoulder a share 
of the r ponsibility for the present condition of things. It has per-
mitt d to an enormous extent and received money for the entry of 
d ert land along the valley of the Gila which could not possibly be 
of any value xcept by the use of the very water in question. This is 
th Government land policy throughout the arid region, and is pro-
du tive of an immen e amount of litigation, acrimony, pecuniary loss, 
and actual uff ring. The pre ent case is merely one in which the Gov-
rnment it elf is one f the parties to the litigation and the pecuniary 
lo s. 
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country, to the depth which it would probably b~ necessary to go to 
obtain artesian water, would absorb nearly or quite all of the funds 
available for this work, and was therefore prohibitory. 
Second, by an extended topographic and geologic investigation of 
this part of Arizona, which, both in time and cost, was far beyond the 
reach of this inquiry. Even though it might be shown by either of 
these methods that artesian water was obtainable, there would then be 
no conclusive evidence that it could be obtained in sufficient quantity 
for the purposes desired. In fact, the presumption from the topo-
graphic and climatic conditions in Arizona is very strongly against any 
such supply being obtained, and experience in other parts of Arizona 
emphasizes this conclusion. 
SUBMERGED DAMS. 
The evidence is abundant that in comparison with other possibilities-
this method gives little promise of being a practicable solution of the 
problem. 
(1) There is no probability of there being any such volume of water 
:fl.owing in the bed of the Gila River as many seem to suppose. At 
The Buttes the Gila River is confined between bluffs 300 or 400 feet 
apart, with a bed of sand and gravel from 40 to 60 feet deep. Three 
miles below The Buttes bedrock crops out nearly the whole way across 
the stream, and is nowhere more than 10 or 15 feet below the surface. 
Necessarily most of the supposed underflow would come to the surface 
at this point, yet measurements show an actual loss between The 
Buttes and this point, due to evaporation from the river bed and 
adjacent sands. It is true that at two or three points on and near the 
reservation water appears in the Gila River, although the river is dry 
above these points. It by no means follows, however, that this water 
flows for any considerable distance in the river bed. The facts above 
cited seem to indicate the contrary. The water may, and probably 
does, largely proceed from the underflow of the adjacent country, 
which is spread over areas too large to be reached by submerged dams. 
(2) Granting that a large supply of water may be obtained from 
underground development, there is no certainty of its permanence. 
Such waters must come from somewhere. They are not unlimited in 
quantity. These two facts are indisputable. In the case of the Indian 
reservation they must necessarily come from a long distance, for it is 
a long distance to the nearest region of precipitation sufficiently high 
to furnish the quantities required in excess of evaporation. There is 
no means of preventing such percolating waters from being utili,zed 
by pumping, by submerged dams, or otherwise, at points far above 
and distant from the reservation. The practical impossibility in most 
cases of proving what part or that any part of waters so diverted are 
the waters developed by the submerged dam for the Indian rm,ervation 
would insure the presentation of a future problem regarding this water 
supply which could be solved only by the construction of other works. 
The difficulty of proving and maintaining title to percolating waters 
is so great and so well recognized that courts have more than once 
laid down the broad principle that there can be no title to percolating 
waters. And the success of extensive works of this character would 
only call attention to the possibilities of underground development 
and insure their ultimate failure. Some of the most disastrous fail-
ures among irrigation enterprises are of this character. . 
(3) Assuming that a large quant,ity of water flows under the bed of 
the river, there is no indication of conditions along the river where a 
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submero·ed dam might be built which would intercept this underflow 
and hri~g it to the surface without prohibitive cost. Such a dam 
must he connected with impervious strata along its bottom and sides, 
as the water will seek the lowest outlet rather than come to the sur-
face. Experiments on the percolation of water through sand and 
()'ravel indicate that the velocity of water through such material as 
~onstitutes the bed of the Gila River on the grade of 10 feet per mile, 
which is about the slope of that river, would not exceed 4 feet per 
day. 1 The proportion of voids in such material available for the flow 
of water is less than 31 per cent. It will be seen, therefore, that on the 
supposition that the percolating area were absolutely saturated with 
flowing water, it would require an intercepting barrier of 2,380,000 
quare feet in extent to supply 10,000 acre-feet the minimum amount of 
wat r r quired. This would require a wall of an average height of 
100 feet and a length of over 4. miles. Such a wall could surely not 
b 1 s than 6 feet in average thickness, and would therefore cont,ain 
52 , cubic yards of masonry, which, at $10 per yard for excavation 
and ma.·onry (a low estimate), would amount to over $5,000,000. It 
may b objected that the estimate of velocity is too low, but it might 
b in r a' d ten fold, and still it will be seen at once that, assuming 
idral onditions a. to the amount of water obtainable and as to under-
0- 1• und topography suitable for the site of a submerged dam, the 
xpen · of . n<'h an enteryrise would be far greater than the cost of 
obtainino- the . am amount of water supply through the sources out-
lin d lat r in thi report. 
om xpel'im nts in percolation were conducted by Mr. Cyms C. 
Babb, a istant hydrographer, who reports the details of this investi-
gation a follow : 
EXPERIMENTS IN PERCOLA.TION. 
A large box or flume was constructed, 32 feet long, 2 feet high, and 2 feet wide, 
and then filled with sand. Water was measured and turned in at the upper end, 
and then collected and measured as it appeared at the lower end. 
'oust?·uction details.-Two lines of stringers, composed of 4 inches by 4 inches by 
12 feet piece of Oregon pine, were placed 18 inches apart on a flat piece of ground, 
and their joints and ends fastened together. By means of an engineer's level and 
wedges the e stringer were then placed on a true level. 
The flume, of 1¼ by 12 inches by 16 feet redwood lumber, was built on these 
tringer . , ·ms ancl stanchions and upper cross bars were placed 4 feet apart and 
key d together. Wedg were u ed in the keying, so that the box could be tight-
n d and mad as nearly water-tight as pos ible. As an extra precaution, all 
eams w r ·alked with oakum and covered with red lead. 
Th uth or upp rend of the flume was clo ed, but at the north or lower end a 
strip of ·re ning was plac d 6 inches high, to allow the water to percolate from 
the nd. bov th er en the north end wat:i closed with plank. 
Tw f .t from the outh end another screen was placed across the in ide of the 
box. form.mg a co~partm~~t for the re~ ption of the water and holding the encl of 
the · n m v _rtical JX> 1tion. 'l'h sip. , tanchions and upper cro s bars were 
~ade f by 4 mch _p1 of regon pme. They were 45 inche , 35 inches, and 41 
m h lon r tiv ly. 
. Th in i ·m 1:1 i n f h fl.um when completed were as follows: Width, 22-t 
m he ; depth 21½ mcb ; 1 ngth water ompartment, 23½ inches; length sand om-
par m nt, t f . 
Te. t ana me . ,r mt>nls.- ive loa of nd were taken from the dry b l f 
th il iv r fill ~h. flume, oan pproximat height f 1 in ·he . Te t of the 
and 1 er mad y 1fting tbrou ha num r of diff rent-sized sieve . The fol-
lowin,. ar th number of m h s p r square inch in each sieve: 
:\1 . he . 
. 1------------------------ ------------------ --- ·------------ ----- ·· 4 
--------- ------ - -------·-- ··- · --------- --- --- -- -- -- -- ------- ---- 1 
o. ----------------- -- ---·------------ -------- -- ----- --- ----- -----· 4 
. 4 _____________________________ __ ______ ________________ _____ - -- --' 
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The sand samples were first weighed and then sifted through screens 1, 2, 3, 
and 4, respectively, and_in the order named. - . . 
The following table gives the results of these tests. First column total weight 
of sample, second weightremai7:1i7:1g on screen 1, third weight r~maini~g on screen 
2, fourth and fifth weights remammg on screens ~ and 1, respectiv~ly; sixth column 
the remainder; seventh the sum of columns 2 to 6, mclus1ve. The difference between 
columns 1 and 7 is the loss oceurring during the screening, but which should be 
added to the amounts in column 6, as all the loss occurred from the finest material. 
This is done at the foot of the table. 
Total weight. Screen 1. Screen2. Screen 3. Screen 4. Remain- Total. der. 
------
--- ------
Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. 
48 ............ t t 1 6t 37 45t 
49t ........... t 1 1 8 37 47t 44t .......... . t 1½ 1 . 7t 32 42t 
44½ ......•.... /'; 3 2t 9 23 42t 
46 ............ 4 2t 1¼ 8 25 41 
48 ..• .••. ..... 3¼ 2 1¼ 6¼ 29 43 
---- -----
Mean46.6 . . .. 2.3 1. 7 1. 5 7.6 30.4 a43.5j 
Percent .. · ... 5 3. 7 3.2 16.3 71. 8 
----------
-
a Difference 3.1 pounds. 
The water before being emptied into the water compartment of the flume was 
first measured in a barrel, which was so mounted that the water could be drawn 
directly from it into the flume. The barrel was filled with a hose from the water 
tank of the Florence ice factory. 
Pounds. 
The barrel empty and dry weighed . . ..... . ............ ...................... 56 
The barrel filled with water weighed ... _._ .... _ .. _ ....... __ ..... _ ... __ ._. __ .. 293 
The barrel empty weighed _ ..... ... ...... . _ ...... . .. _. __ ...... . . . . . . . . . . . . . . 62 
The barrel was then placed on its stand and filled with water. The water was 
then drawn off down to the level of the faucet as the barrel stood on its support, 
and into a pail and weighed. The total weight of water drawn from the barrel 
was 216 pounds. Taking the weight of 1 cubic foot of water as 62.5 pounds this 
would give 3.46 cubic feet as the capacity of the barrel. 'fhis is not the total 
capacity of the barrel, as after each drawing some water remains in the barrel, but 
below the level of the faucet. 
Before the sand was placed in the flume it was partially filled with water, in 
order to cause the lumber to swell and to make it as watertight as possible at first. 
The flume could only be filled to one•half its depth, as the greatest leakage occurred 
at its horizontal joint. Also the water compartment during the subsequent con-
tinuation of the experiment could only be filled to the same point. Laths were 
nailed inside and to the bottom and sides of the flume and 3 feet apart, in order to 
prevent as much as possible the creeping of the water along the bottom and sides. 
Barrels of water emptied into the upper end or water compartment of .fiume. 
Barrels. Barrels. 
May 19 ..... _ .... _ .... _ ............... 2 May26 .........•....•••••••.•....... 0 
May 20 ........... _. ___ . __ .. _ ~ __ .... _ 2 May 27 _ .... . ... _ ................. _.. 1 
May 21. _. _. _ ... _. ____ ......... . . . . . . 0 May30 .............................. 1 
May 22 . _ .. _ . _ ....... _ . _ ...... _ . . . . . . 1 
May 23 .... _ ....... __ .... _. . . . . . . . . . . 1 
June L . .. __ .... _ ................ __ . 1 
June 5 . ... .......................... 1 
May 24 ..... _ .... __ ..... _ .. .. _ ... _... 1 June 8. _ ......•.....•.•...•.•••• _ . _ . 1 
May 25 . . . . _ .. __ . _ .. .... . _ ...... _... 1 
Water was first poured into the flume at ·2.40 p. m., May 19, At that time the 
compartment was filled to a depth of 1 foot. At 8 a. m., May 23, water was found 
to be percolating from the lower end. According to Mr. Brown, the observer, at 
6 p. m., May 22, the water had just commenced to appear at the lower end, or it 
took the water seventy.five hours to come through the 30 feet of sand. 
Besides measuring the amount of water going in at the upper end by means of 
the barrel, an additional measurement was made by noticing the amount by which 
it had fallen in the water compartment. 
The following gives the results of these latter observations. After each obser-
vation the compartment was filled to the horizontal seam and the measurement of 
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the amount of water· fallen was taken from this joint, until on May 30, when a 
gauge rod was placed in the compartment: ' 
1896. 
May 24, 6.10 p. m. Water box filled to horizontal seam. 
May 25, 6.45 a. m. Water fallen 3i inches, box filled to seam. 
May 25, 8.00 p. m. Water fallen 3¼ inches, box filled to seam. 
May 26, 7.30 a. m. Water fallen 3 inches, box filled to seam. 
May 26, 7.10 p. m. Water fallen 2¾ inches, box filled to seam. 
May 27, 6.45 a. m. Water fallen 2¾ inches, box filled to seam. 
May 28, 7.10 a. m. Water fallen 3¾ inches, box not filled to seam. 
May 29, 6.20 a. m. Water fallen to 5¾ inches, box not filled to seam. 
May 30, 7.50 a. m. Water fallen to7 inches. Gauge rod then placed, which read 
0.28 foot; box then filled to joint again, reading 0.84 foot. 
May 30, 6.00 p. m. G. H. 0.54 foot, filled to 0.85 foot . 
May 31, 7.00 a. m. G. H. 0.58 foot , filled to 0.84 foot. 
May 31, 6.30 p. m. G. H. 0.51 foot, filled to 0.85 foot. 
June 1, 6.15 a. m. G. H. 0.65 foot, filled to 0.84 foot. 
June 1, 6.30 p. m. G. H. 0.68 foot, filled to 0.84 foot. 
June 2, 6.30 a. m. G. H. 0.67 foot, filled to 0.85 foot. 
June 2, 5.30 p. m. G. H. 0.70 foot, filled to 0.85 foot. 
June 3, 6.30 a. m. G. H. 0.68 foot, filled to 0.85 foot . 
June 5, 6.20 p. m . G. H. 0.32. 
,Tune 6, 7.00 a. m ., filled to 0.84 foot. 
June 6, 4.00 p. m. G. H. 0.58 foot, filled to 0.82 foot. 
June 7, 7.00 a. m. G. H. 0.59 foot, filled to 0.80 foot. 
June 7, 7.00 p. m . G. H. 0.62 foot, filled to 0.80 foot. 
June 8, 6.45 a. m. G. H. 0.60 foot. 
Water percolating frorn lower end. 
1896. 
May 23, 8.00 a. m. Bucket first placed under flume. 
5.00 p. m. 10 quarts. 
May 24, .00 a. m. 13 quarts, pail full, a little water run over. 
May 24, 5.00 p. m. 14 quarts, pail full, a little water run over. 
May 24, 9.00 p. m. 8 quarts. 
May 25, 7.00 a. m . 14 quarts, pail full, some water ran over; placed iron tub in 
place of pail. 
May 25 8.00 p. m . 23 quarts. 
May 26, 7.45 a. m. 21 quarts. 
May 26 7.10 p. m. 13 quarts. 
ay 27, 6.45 a. m. 19 quarts. 
ay 2 , .00 a. m . 9 quarts. 
May 6.00 p. m. 0 quarts. 
May 29, 6.1 a . m. 3 qua ts. 
May 29, .00 p. m. 0 quarts. For the pa t two days the lower screen has been 
alive with bee during the day. This accounts for the fact 
that no water wa found at the p. m. observation, May 29, at 
p. m. therefore a wire screen was placed across the lower 
end in order to protect the percolating water from the bees. 
ay 30 7.00 a. m. 1 quart. 
ay 30 6.0 p. m. 8 quarts. 
y 31 .0 a. m. 15 quarts. 
ay 31 6. p. m. 1- qu rts. 
June 1 .20 a. m. 15 quart · .30 p. m. 1 quarts. 
June 2, 6.30 a. m. 13 quar · 5. p. m. 12 quarts. 
June 3, 6. 0 a. m. 14 quart . 
June .3 p. m. 40. quart . 
June 6 . 0 a. m. quart · 4.00 p. m. 6 quart . 
June 7 . a . m. 1 quarts· . 0 p. m. 1 quart . 
June , r. a. m. 10 uart . 
1om ttation.-The horizontal dimen ions of the water compartment are 23.5 x 
22. inche = 34.62 square inche = . 1 quare f et. 
The f )lowing table give the amount of water percolating into thP, upper end 
of the nd a computed from ob ervation. Fir t column, date; second, time in 
hour · bird total amoun of wa r in cubic feet, found by multiplying .712 by 
observation a ove expre e in decimals of a foot; fourth column is the amount 
per hour percolating into sand. 
Date. '.rime. 
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Amounts of water flowing into sand. 
Total 
amount 
flow-
ing into 
sand 
Per 
hour. Date. 
Total 
amount 
Time. flow-
ing into 
sand. 
17 
Per 
hour. 
--------1---- ----;-----11-------- ------- - --
1896. 
May~=========::= 
26 ------------26 ______ --- ---
27 ------ ------
28 --·------ ---
29 --------- - --
30 ------------30 ______ ------31 _________ __ _ _ 
31 .. ·-- - -- - ---
June l _ ..... ···---
Date. 
Hours. 
12.5 
13 
11.5 
11.5 
11.5 
24.5 
23. 75 
25.5 
10 
13 
11.5 
12.3 
Cubic ft. 
1 
1 
.93 
. 85 
.85 
1.16 
.62 
.45 
1.11 
1 
l. 26 
. 76 
Cubic ft. 
. 08 
.08 
.07 
.07 
.07 
.05 
.03 
.02 
.11 
. 08 
.11 
. 06 
1896. 
June L ... ··--··-· 2 ___________ _ 
2-·-----·--·-
3 ••..•. ···- --
5 ___ • __ ·-- -·-
6-··-···--·--7 ... _. ___ -·-· 
7 ........... . 
8 .•••.•••••• _ 
Hours. 
11. 7 
12 
11 
13 
60 
9 
15 
12 
11. 75 
Cubicft. 
.60 
.63 
.56 
.. 63 
1. 97 
.96 
.85 
.67 
. 74 
Mean .......... ··-···--··-······-·· 
Water percolating from lower end. 
Time. Total. Per hour. Date. Time. Total. 
Cubic ft. 
.05 
.05 
.05 
.05 
.03 
.n 
. 06 
.05 
.06 
.064 
Per 
hour. 
- --·11-------1--·-- ------
1896. 
May 23 . ....•.••.•.. 
24-···--···----
24 ___ · ·-- -····-
24--- · ·-·····- -25 . ........... . 
25-·-··-··-··-· 
26- ·-- · ····----
26 . . ....... . .. . 
27 ........ . ... . 
28 .. .. .. . ·-----
28 . . ........ . . . 
29-- -- ·· ·-·· ---
29 . .. . ... . .. .. . 
3()_ ·-·· ··-· -·· -30 ...•..•...... 
Hours. 
9 
15 
9 
4 
JO 
11 
11. 75 
11.25 
11. 75 
11. 75 
12 
11.25 
14 
11 
11 
Cubic ft. 
0.33 
0.43 
0. 47 
0.27 
0.4-7 
0. 78 
0. 70 
0.43 
0. 62 
0. 30 
0. 
0. 10 
0. 
0.02 
0.27 
Cubic ft. 
.037 
.028 
.053 
.069 
.047 
.071 
.060 
.037 
. 053 
.026 
.009 
.002 
. 024 
1896. 
May31 ...... .... . . 
31 ........... . 
June 1 ...... ···- -· 
1 .... ····-··-2 ._ ... _ .. ___ . 
2 ••.•••...... 
3 ..... ..•. __ _ 
5 -·-········· 6 ........••.. 
6 ·----···----
7 ···-·· ·· --·-
7 -·---· •••••. 
8 •••••• ·····-
Hours. 
13 
11.5 
12 
12 
12 
l1 
13 
60 
12.5 
9 
15 
12 
12 
Cubic ft. 
0.50 
0.50 
0.50 
0.50 
0.43 
0.40 
0.47 
1.35 
0.17 
0.20 
0.50 
0.50 
0.32 
Mean_ ...... -··-··-··· ......... . 
Cubic ft. 
.038 
.044 
.0'12 
.042 
. 035 
.035 
.037 
.022 
.012 
.022 
.033 
.042 
.028 
.037 
Vertical cross section of sand= 3 square feet. 
There are 30.7 per cent of voids in sand; hence 30.7x3 = .92 square foot water 
cross section. 
Discharge from lower end= .037 cubic foot per hour. .037-:- .92 = .040 foot 
per hour, rate percolation through sand. 
Water flowing into upper end= .064 cubic foot per hour, discharge into sand . 
. 064 
.037 cubic foot per hour discharge out . 
. 027 cubic foot per hour loss. 
24 
.648 cubic foot per day loss by evaporation and leakage. 
Area sand 30x2 feet = 60 square feet. 
·
6
:~x12 = .134 inches evaporation or loss per day . 
. 064-:- 0. 92 = .070 foot per hour rate flow into sand . 
. 070 
.040 
2).110 
.055 foot per hour mean rate of flow through sand, or 18 ho'ij:rs to flow 
1 foot. 
The mean rate of flow into the sand was .064 cubic foot per hour. 
The mean rate of flow out of the sand was .037 cubic foot per hour . 
. 037 
.064 
.101 
.0505 cubic foot per hour. 
The cross section of the sand is 3 square feet. Assuming 30.7 as the percentage 
of voids in the sand as found in the evaporation experiment, this would give a 
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water cross section of 0.92 square foot, as stated previously, or a velocity of 0.55 
foot per hour. . . . 
The sand in the flume was not saturated for its entire sect10n. If we should 
assume 20 per cent instead of 30.7 per cent, this would give a water cross section 
of 0.6 square foot. This is considered too small, for it would be the same as 
assuming a sand cross section of 2 square feet and a saturation by water of 30.7 
per cent. A personal examination into the sand by digging showed a greater 
saturated cross section than the above. 
In the opinion of the writer 25 per cent should be used. 
This would give a water cross section of 0.75 square foot . 
. 75) .0505 
.067 velocity, feet per hour, through sand. At this rate it would take 15 
hours to fl.ow 1 foot. 
When water first appeared at the end of the flume, it had taken it 75 hours to 
fl.ow 30 feet, or 1 foot in 21 hours. 
Resume of results. 
Evaporation per 24 hours ( from fl. ume observations) ____________ inches __ 
Rate of percolation through sand, feet per hour ___________________ do ___ _ 
Hours required to flow 1 foot ____ ________________ ____ ______ . ____ _____ .. __ 
0.134 
0.067 
15 
Respectfully, 
CYRUS C. BABB, 
Assistant Hydrographer . 
These meager observations, in view of the high evaporation and 
other unfavorable cir umstances, while a contribution to the knowl-
edo- of the ubject, ar not con id red ufficiently conclusive to be 
u d a a ba is f_or e timates independent of those already made. 
PUMPING. 
The most promising method of utilizing such underflow as can be 
intercepted in the vicinity of the Pima Reservation is by sinking large 
w lls and pumping the water to the surface. This method of irrigation 
i practiced to om extent in various parts of Arizona with success. 
For the purpo ·e of te ting the possibility of obtaining the requisite 
quantity of water from wells, it was determined to make some pump-
ing e t f w ll to be made or already existing on the reservation. 
Th e p r tion w re not inauo-urated until the month of May, 
au it wa de irabl tote t the well8 in the dry season, when they 
uld not b f d by ubterran an connection with the Gila River. 
Thi tr am , a ry at lorence in February, and remained so until 
July, o that h te t, may be con idered applicable to the dry season. 
t B a 1 ranch, about a mile above the eastern end of the Indian 
r r a i n, h water ri es in he dry bed of the Gila River, and 
flow throughout the dry sea on a tream of about a cubic foot per 
ond. Th w 11 and vegetation in this vicinity were also of an 
en ouraging na ure, and the Indians have built a canal heading near 
hi pain , intended to take water from the river. The location i 
n ider d the most promising for a water supply near the upper end of 
the re er ation, a well as a desirable point to have such a supply. 
By permi ion of Mr. Beasley, an excavation was made in the lower 
ge of hi field, about 1,000 feet south of the river. High water 
ometim overflow this spot. For a short distance below the ur-
fa the ground wa hard, and required plowing, but below thi · th 
and v a removed by slip scrapers without plowing. At a depth of 
ab ut 11 feet water was reached, and a hole 6 feet square and pro-
tected by crib work was sunk about 2 feet into the water stratum. 
vertical gauge was placed in the well, reading to feet and tenths, 
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and estimated to hundredths. A IO-horsepower engine and centrif-
ugal pump were employed to test the well. To measure the discharge, 
a box was provided about 3 by 6 feet and 2 feet deep, with a measur-
ing weir 2 feet long and 7 inches deep. The box was divided into 
three compartments by means of two half partitions, one open at the 
bottom and one at the top, to quiet the waves and pulsations in the 
water before it reached the weir. The method of test adopted was 
to pump the well as nearly dry as practicable,' measuring the discharge 
over the weir, taking a reading of the gauge in the well at the begin-
ning and end of the pumping, and noting the time required for the 
well to refill to a certain height, somewhat below its maximum. This 
test was repeated nine times. The rate of inflow was, by these tests, 
in cubic feet per second, 0.058, 0.056, 0.053, 0.052, 0.050, 0.047, 0.044, 
0. 043, and 0. 043. 
The diminution in rate of inflow was doubtless due to the drainage 
of small subterranean cavities in the material near the well, which 
absorbed a part of the inflow; the observations were continued, how-
ever, until the result was practically constant, giving an inflow of 
about 0.043 feet per second, which the well could doubtless furnish 
to a constant draft of that amount. 'l'he area exposed to percolation 
was approximately 70 square feet. This gives a rate of percolation of 
a little over 53 cubic feet per day for each square foot of percolating 
surface. 
The question then arises whether by increasing the size of the well, 
and thereby the percolating surface, a proportionate increase in the 
supply of water could be obtained. Without the actual construction 
of a large and expensive well, with the necessary timbering, etc., this 
question could be determined only by judgment, based on a careful 
examination of the conditions. 
Two influences operate somewhat against the supply being propor-
tionate to the area furnishing it: 
1. Radial lines drawn from the center of any well through each 
linear unit of its circumference are more divergent in a small than in 
a large well. The rate of flow through the particles immediately adja-
cent to the well is higher than through those at some distance, on 
account of the pressure of the more distant particles. This increased 
rate of flow can diminish more rapidly with a small than with a large 
well, on account of the greater diversion of the radial lines above 
referred to, and the small well has consequently a somewhat greater 
available head, or, what is the same thing, its bed of supply is some-
what nearer. 
2. The small well tested maybe, andprobablyis, to some extent draw-
ing on small cavities or reservoirs which would, under a constant draft, 
soon be exhausted. 
On the other hand, there are two influences which operate strongly 
in favor of the supply increasing faster than the exposed area: 
(1) The larger well would be made deeper, and the entire area of 
the bottom, and a part of the sides, would furnish water under a 
greater head than the exposed area of the small well. 
(2) In many cases, and the one under consideration is one of them, 
the character of material becomes coarser and more pervious with 
increased depth. 
The two tendencies to increased supply are, under the circumstances 
of this case and the plans proposed, much more potent than the two 
opposing tendencies. It is considered, therefore, amply conservative 
to consider the supply as increasing within the limits proposed in 
direct proportion to the increase of the percolating surface. 
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Successful irrigation requires a certain volume of water, in order to 
flow readily over cultivated ground and lend itself to the manipula-
tion necessary to economical control by the irrigator. This "irrigat-
ing head," as it is called, varies somewhat with the slope of the land 
irrigated, and the character of the soil. Ground with considerable slope 
can be irrigated with a smaller stream of water than similar ground 
on a gentler slope, and light, pervious soil requires a larger stream 
than a soil relatively heavy and impervious. For the purposes of 
these estimates it is assumed that a stream flowing 1,000 gallons per 
minute would be ample to meet the conditions presented, and to fur-
nish this amount a well of that capacity should be provided, or suffi-
cient storage should be furnished so that by accumulating the water 
a pumped an irrigating head could be obtained for a shorter time. 
Such torage would materially increase the relative cost of the plant 
and i somewhat wasteful of water. For irrigation on a large scale, it 
is far preferable to provide a plant that can furnish a constant irri-
gating head, and on that basis these estimates are made. 
A well to be depended upon for this duty should have a capacity of 
about 200,000 cubic feet per day. Allowing 50 cubic feet per day 
from each square foot of percolating area, a well would require an 
available area of 4,000 square feet. 
A well 25 feet in diameter, sunk 15 feet into the water-bearing 
stratum, would have a percolating area of about 1,670 square feet. 
A tunnel run from each of four sides of the well, 8 feet high and 6 
feet wide, would have a percolating area of 28 square feet for each 
linear foot of tunnel. Four such tunnels, each 22 feet long, would 
furni h 2,464 square feet of percolating area, making an aggregate of 
4,134 feet, approximately. 
It i believed that uch a well at this point would furnish the water 
required for a good irri 0 ·ating "head." It would need to be located 
on higher ground than the experimental well for safety against floods. 
The well and tunnel should be walled with brick laid without mor-
tar, to allow ready percolation. 
Th timated co t of uch a well would be about as follows: 
W U excavation, 540 yards, at 25 cents _________ . __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ $135 
Tunn 1 excavati n, 150 yard, at 50 cents ____ -----------------------··--____ 75 
~rick work 4,500 square feet at 25 cents __________________________________ 1,125 
ump hou e _______ ...•. _. _ . ______ . __ ... _____ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 300 
Total 1,635 
Estimated cost of pumping machinery. 
~e ~odpouncl dup_lex pumpinJ engine _______ . ________________ _____ _ . ____ $1,250 
e m ependent air pump an condenser . ____ .. _________________________ 300 
gne ~0-hts~power return tubular boiler __ .___________________ ___________ 330 
T ~: 3 u6-g~lo~~tfu~1:1ia~k= == :====: :== = == = :: == = :: : ~ == = ===~ = = == == = = ==: ==== = ii~ F went; feet 12-inch suction pipe_. _________ . ____ ___________________ ._____ 20 
Ffri:Y eet inch discharge pipe ___ . __ . ____ __ . _. _______ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40 
ttings, valves, etc _____ . _. _. ________ _____ __ . _ _ _ _ 20 
Fre!ght to Casa Grande at 2 per hundredweight _:::::=~===::::::-======= 600 
Freight to well at 3 r cents______________________ 100 
Erecting pump and boiler .. ____________ .. __ • _____ :~:=:::::=::==:~:==::::: 200 
Cost of well, as before stated ___ . ______ ________________ . _______________ __ _ 
Add 15 per cent for contingencies ___________ . ____________ . __ . ___________ _ 
Total ______________ _ 
2,935 
1,635 
4,570 
6 -
5,255 
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'rhis plant operated twelve hours per day for 150 ~ays in each year 
would furnish sufficient water to raise a crop of gram on 200 acres of 
land. This is in the light of experience in Salt River Valley, where it 
is found that a-rain crops require a depth of about 18 inches in one 
season. The c~st of operation and maintaining such a plant would be 
about as follows assuming an engine duty of about 25,000,000 foot-
pounds per 100 p~unds of coal, and that one cord of wood is equivalent 
to three-fourths ton of coal: 
Engineman five months, at $60 .. ______ . ______________________ . _ - - - - - - _ - - - - $300 
100 cords of wood, at $2. 50 _ . __ . __________________________ . - ______ -.. __ - - . - 250 
Depreciation __ . ____ . ______________________________ . ... __ . . . . • . ______ . _ . _ _ _ 300 
Oil and repairs ___________ . _. _ _ .. _________ . _________ ... . . . ___ . _____ . _ 150 
1,000 
Capitalized at 4 per cent _______________ . _ _ _ ________ . __ . . . . . _______ . __ . - 25, 000 
The primary object of these estimates is a comparison of the cost of 
this with other possible methods of irrigating this reservation. Hence 
no account is taken of the cost of distribution systems, which would 
be similar for all methods. Another reason for omitting this expense 
is that nearly all the work connected therewith would be performed 
by the Indians, without cost to the Government, which would merely 
have to provide material for gates, etc., and supervise the construction. 
Tests were also made of the existing well that supplies water to the 
mill and other requirements at Sacaton Agency. 
This well is 26½ feet in depth and 11 feet in diameter. The .water 
stands naturally about 8. 5 feet deep in the well. The percolating area 
is in a very hard clay, which has stood for eight years without walling, 
and still plainly shows the marks of the pick used in digging. At the 
time of the test the bottom was covered from a few inches to a foot in 
depth with a mixture of very fine silt and slime, which probably was 
practically impervious, and certainly must have greatly checked the 
inflow from the bottom area. For this reason the area of the bottom 
was omitted in estimating the percolating area. 
The tests were made in a manner quite similar to the tests of the 
Beasley well, and were repeated four times. The results obtained 
indicated an inflow of about one-tenth of a cubic foot per second, or 
8,640 cubic feet per day. 
It was somewhat difficult to decide what was the correct percolating 
area in this well. ,vhen left alone for twelve hours the water rose to 
a depth of 8.5 feet, but the upper part of this area furnished very little 
water. It was finally assumed that the height of wall furnishing a 
considerable seepage was 7 feet. This gave a percolating area of 242 
square feet, and indicates a yield of 36 eubic feet per day for each 
square foot of percolating surface, as against 50 in .the Beasley well. 
This discrepancy, taken together with the far greater depth of this 
well into the water stratum and the. consequent greater head under 
which percolation takes place, indicates that the conditions for obLain-
ing water are far less promising at Sacaton than at Beasley's ranch. 
It is probable, however, that by sinking the Sacaton well considerably 
deeper a more pervious stratum would be reached, and that by locat-
ing the percolating galleries in this stratum a large supply of water 
could be obtained, though the lift would be increased. Time and 
funds were insufficient to follow the field investigation further on this 
line, but it is certain that under the conditions existing at Sacaton an 
irrigating supply of water would cost somewhat more than the figures 
given for a well at Beasley's ranch. 
22 IRRIAGTION INVESTIGATION. 
And it may be safely assumed that the minimum rate at which water 
can be pumped by steam for this reservation is $25 per acre for first 
cost, and $5 per acre for operation and maintenance. 
It is possible that a trial may prove that these wells might be some-
what strengthened by sinking perforated tubes deep into the water 
stratum, the water flowing over the top of the tube into the bottom of 
the well. 
One objection to pumping water by steam for the entire supply of 
this reservation is the fact that though wood for fuel is plentiful and 
of good quality, it consists chiefly of mesquite and ironwood, which 
are of slow growth, and the supply would not be replenished by nature 
a rapidly as it would be used if employed to so large an extent. The 
u e of coal under present conditions is out of the question. Coal used 
in the blacksmith shop at Sacaton costs )!;30 per ton. Somewhat lower 
figures could of course be obtained for large quantit.ies, but its cost 
ab olutely prohibits consideration of pumping by steam with coal as 
fu 1. P troleum might be obtained considerably cheaper from Los 
An<Yele , but here, too, the cost would be greater than that of the 
wood. The price is subject to fluctuation and the supply might 
become exhausted. 
From the best information yet obtained it is probable that a pump-
ing plant designed to employ gasoline as motive power might be 
in talled omewhat cheaper than that given above for steam. The 
operating xpen es would be o-reater, however, and the fluctuation in 
price of gasoline introduces an element of uncertainity which for an 
e t n ive permanent plant is well worth ·onside.ration. On the whole 
thee timate above given may be taken as an average of the capabili-
ties of pumping for irrigation on this reservation. 
PURCHASE OF WATER. 
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escarpment of the Mogollon Mesa. Tonto Creek, for instance, heads 
a t the foot of this mesa with the volume of a very considerable rivu-
let within a few hundred yards of the divide. Such streams evidently 
obtain considerable of their water supply from the precipitation which 
falls north of the divide. The slope of this mesa to the north being 
very gentle and that to the south being exceedingly abrupt, much of 
the water which percolates downward in the porous volcanic strata 
finds its easiest exit to the south, :fl.owing under the surface divide. 
These facts indicate that the watershed tributary to this reservoir 
is not only extremely large, but very favorable to a high percentage of 
run off. .It is doubtful, however, if the immense reservoir capacity 
above referred to could be filled in the dryest years. And what pro-
portion of its capacity should be held as a reserve for years of minimum 
run off can not be determined exactly without a long series of measure-
ments of the discharge of Salt River between the mouth of the Verde 
River and the mouth of Tonto Creek. Such measurements have been 
roughly carried on for over a year by the Hudson Reservoir and Canal 
Company, but the series is too short to justify a positive expression on 
this point. There can be no doubt, however, that the quantity of 
water available for storage is greater than present demands in the 
valley, and that the company might fill a contract for the ··water 
required on this reservation. 
The crucial question, however, is the practicability of carrying this 
water by gravity to a suitable point on the Pima Reservation. Sur-
veys made by the company indicate that it would not be practicable 
to deliver the water at the head of the reservation, where it is most 
desirable to have it, and where much of the cultivation has been car-
ried on in the past. It could, however, be taken to Sacaton and the 
central portion of the reservation, and cultivation could be removed 
to that locality so far as necessary. This company was repeatedly 
requested to specify a figure at which it would be willing to furnish 
water for the Pima Indians, b:ut uniformly declined to do so. The 
distance to which the water would have to be carried to the reserva-
·tion, with its consequent cost, and the abundance of irrigable land 
near at hand make it probable that this company would not he willing 
to furnish the water required except at figures considerably above th(' 
cost of storing by the Government on the drainage of the Gila. 
The officials of the Hudson Reservoir and Canal Company stated, 
moreover, that they could not agree to deliver water at the reserva-
tion inside of three years from the date of contract. Whether it could 
be supplied by that time is problematical, as the company has not yet 
succeeded in obtaining necessary funds for construction. It would 
seem, however, that so promising a proposition could not long lie dor-
mant if energetically managed. But the minimum of three years is 
at least one year longer than would be required to furnish the water 
by direct Government construction at Queen Creek. 
It appears to be un<lesirable to enter into contracts with private 
companie if it can be avoided. Such contracts running in perpetuity 
are apt to lead to legal complications in future with the assigns and 
successors of present managers. It is not claimed that this is an 
insuperable objection to this method of obtaining water, but that it is 
an objection worth considering. 
In view of the facts above recited it was not considered either neces-
sary or desirable to make further investigation relative to this prop-
osition. If it is desired to make such a contract, enough is known to 
indicate what can be done under this plan and what it involves. 
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This source of supply, therefore, while a possible solution of the 
problem in hand, is not considered the best solution, and is not 
recommended. 
Many persons have urged that the proper method of supplying the 
Pima Indians with water is by offering a grant of cash, or of land 
sufficient to induce the construction of a reservoir at The Buttes, on 
the Gila River, about 14 miles above Florence. The governor of 
Arizona, in his report to the Secretary of the Interior for 1895, says: 
·* ·:+ -x• Water for irrigating his farm is the important consideration. Take, 
as an example, the Pima and Maricopa reservations, which contain much more 
than sufficient lands capable of reclamation to agriculture for all the Pima, Mari-
copa, and Papago Indians. Upon careful examination by experienced engineers 
it has been determined tbat for $2,000,000 the flood waters of the Gila River can 
be impounded by the construction of a dam at what is known as The Buttes suffi-
cient to reclaim 500,000 acres of land. This reservoir could supply all of the land 
required by these Indians for all time to c:::>me. There are more than 500,000 acres 
of the choicest land in southern Arizona which could be served from this reser-
voir, which without water is practically valueless. When brought under culti-
vation the value will range from $25 to $100 per acre. 
I have no hesitation in suggesting that if the Government will give a bonus of 
100,000 acres, more or less, of desert lands which can be served with water from 
the proposed reservoir, private capital can be secured for the construction of the 
same. which will furnish abundance of water to reclaim and cultivate all the land 
required by or for these Indians at a very small yearly rental, the number of acres 
secured for the Indians to be in a given ratio to the number of acres given by the 
Government as a bonus to the owners of the reservoir. This plan will cost the 
Government practically nothing, as the lands are now valueless. 
All of the Papago, Maricopa, and Pima Indians could be supplied with farm-
houses, and thus given the opportunity of supporting themselves. There would 
be no more stealing of stock by Indians to enable them to furnish food for their 
starving families, and in addition to this there would be a large area of land out-
side of the reservation brought under cultivation through the construction of this 
re ervoir which, in addition to furnishing homes to hundreds of farmers and 
increasing the tax resources, would return a large sum to the Government by 
their sale. 
Fig. 3. TONTO DAM SITE , SOUTH ABUTMENT, 
S Doc. 27-54-2 
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In dians themselves. The chief function of the United State Bureau 
of Indian Affairs is to civilize the Indians and_ bring them into a condi-
tion of self-respect and self-support. Here is a tribe of Indians accus-
tomed by long habit to self-support; and every year that they are kept 
dependent ·upon Government rations naturally pr·oduces a decided 
retrogression from the desired condition of self-reliance. 
THE BUTTES RESERVOIR. 
Notwithstanding the preceding remarks, it was early recognized that 
one of the most promising possibilities for the solution of the water 
problem was the construction of a storage reservoir at The Buttes. At 
this point the Gila River passes through a gorge in the solid rock 400 
to 500 feet wide, above which the river has a very moderate fall, and 
the valley spreads out in such a manner as to afford considerable stor-
age capacity should a dam be built at the gorge. Little was actually 
known of the feasibility of this project, and it was the first to be 
investigated. The three problems presenting themselves in this con-
nection were--
First, the cost of the dam, including an underground exploraiiion 
for bed rock. 
Second, the capacity of the reservoir at various possible heights of 
dam. 
Third, the water supply; the question being how great a supply of 
water could be depended upon for storage and irrigation. 
The last problem requires a long se"ries of observations of the dis-
charge of the river at this point, as being the only means by which the 
supply available for storage can be determined. For this reason the 
first operatfon undertaken on beginning the work was the establish-
ment of a ga,uging station on the Gila River at The Buttes. The basin 
drained by the Gila River and its tributaries is, topographically speak-
ing, about 13,750 square miles, as measured from the best maps obtain-
able. A very large proportion of this area, however, furnishes little 
or no water to the river in ordinary years on account of the low pre-
cipitation, the long distance necessarily traversed by the waters before 
reaching the river, and the extreme heat and dryness of the plains 
through which such waters must run. These topographic and climatic 
conditions, together with the great extent of the watershed, render 
abortive any attempt at estimating the discharge of the river at this 
point from theoretical considerations. The problem is further com-
plicated by the fact that large and increasing quantities of water are 
diverted above this point for frrigation. 
A gauge rod was placed on 1he Gila River on December 11, 1895. 
A cable was shortly afterwards ordered from California and thrown 
acros the river in the customary way. From this was suspended a 
gaugincr ar and th apparatus was ready for use on the 28th of Decem-
b r, on ·whi h date a mea urem ent of the rlischarge was made, giving 
5 5 e ond-f et a, a 1· ult. Measurements of this stream at the same 
point w r mad by the nit d tates Irrigation Survey in the years 
1 9 an 1 9 . Th r ult of these measurem nts were published in 
t,be Tw lf h nnual R port of the Geological Survey, Part II, page 
806, and ar h r app nded (pao- 40) . 
. Babb beo-an a detailed survey of 
dimensions and cubical contents. 
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This survey was made with the plane table and stadia rod , controlled 
by points located by triangulation from a measured base and bench 
marks established with a Y-level. The scale adopted was 50 feet to 
an inch, and the contour interval 2 feet, except where slopes were too 
precipitous for this interval, when only the 10-foot contours were 
drawn. (See map 1). 
After the completion of this survey the reservoir site, to an eleva-
tion 200 feet above the bed of the river in the gorge, was mapped 
on a scale of 5 inches to a mile in 10-foot contours. For the control of 
this map a base was measured 3,112 feet long and expanded to neigh-
boring high points, so as to cover most of the reservoir site with a net-
work of triangles. This triangulation was performed with a Heller & 
Brightly transit, reading to single minutes; sights being taken to sig-
nals composed usually of' cairns of stone. A line of careful Y-levels 
was run from the dam site up the river for a distance of about 15 
miles, locating the point of crossing of each contour. The contour 160 
feet above the bed of the river at The Buttes was traversed and 
leveled. The other contours were located by sights upon stadia rod 
and intermediate sketching. 
The areas and capacities of The Buttes reservoir site for each 10 
feet of elevation above the surface of the ground at the dam site are 
given in the following table: 
Area and capacity of Buttes Reservoir Site. 
Contour Capac- Capac- Contour Capac- Capac-
fl.ow Area. ity, sec- ity, flow Area. itii'o~c- ity, line. tion. total. line. total. 
--- ·------ --- ------------
Acres. Acre{ot Acre~ft. Acres. Acre-ft. Acre-ft. 10 20 100 120 2,029 18,990 97,020 
20 71 450 550 130 2,367 21,980 119,000 
30 229 1,500 2,050 140 2,746 25,565 144,565 
40 397 3, 130 5,180 150 3,149 29,475 174,040 
50 533 4,650 9,830 160 3,602 33,755 207,795 
60 741 6,370 16,200 170 4,118 38,600 246,395 
70 928 8,345 24:,545 180 4,609 43,635 200,030 
80 1,105 10,165 34,710 190 5,133 48,710 338,740 
90 1,329 12,170 46,880 200 5,651 53,920 392,660 
100 1,566 14,475 61,355 
---
110 1,769 16,675 78, 030 39'Z,660 
Tq inv igation hu far de ·crib d occupied the party until the 
24 h of ebruary. 
SO DING FOR BED ROCK. 
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of February 18, 1896, for borings for the purpose of exploring foF bed rock, at the 
dam sites on the Gila River, about 14 miles east of Florence, Ariz. 
The total amount of boring required will not be less than 400 feet, nor more 
than 1,000 feet, but no single hole will be deeper than 100 feet. 
Bidders will state price per foot for 400 feet, for !300 feet, for 600 feet, for 800 
feet and for 1,000 feet. The contractor is to furnish whatever tubing m_ay be 
nec~ssary to prevent caving in while borings are in progress. Cores will be 
required wherever material is sufficiently coherent to furnish them. 
Each bid must be accompanied by a certified check for $50 upon some solvent 
national bank, made payable to the Commissioner of Indiari Affairs, which will 
be forfeited to the United States in case any bidder, or bidders, receiving an award 
shall fail to promptly execute a contract with good and sufficient sureties; other-
wise to be returned to the bidder. 
For further information, apply to 
ARTHUR P. DA VIS, Hydrographer. 
No bids being received under this advertisement, correspondence 
was begun with various parties with a view to securing the services of 
requisite machinery by private contract. The conditions presented 
were of peculiar difficulty. First, the difficulty of access to the site, 
and second, the character of the river bed, which was composed of a 
conglomeration of quicksand, fine gravel, coarse gravel, and bowlders 
of all sizes. 
So far as could be learned, the only machine that would satisfac-
torily fill the requirements of the advertisement was the Beal core 
drill. Correspondence with its agent in Oakland, Cal., however, 
developed the fact that the amount of work to be done and the funds 
available therefor were insufficient to pay the expenses of the under-
taking, and negotiations had to be abandoned. Later there was a 
prospect of obtaining substantial cooperation from some miners in the 
vicinity who were desirous of prospecting with a core drill, but this 
arrangement also fell through. The close of the season was approach-
ing, and some experience had in the meantime been obtained with rod 
soundings on Queen Creek on the investigation of another project, 
and it was finally determined to try that method at The Buttes. 
Soundings were made at intervals of 40 feet across the river on two 
lines 40 feet apart. All of these soundings, eleven in number, were 
successful in reaching what seemed to be bed rock. Various experi-
ments were tried to determine the best form of rods to use, the best 
manner of sinking them, and the best means of drawing them out. 
The experience acquired indicated the adoption of the following plan: 
Iron rods were used seven-eighths of an inch in diameter in 8-foot 
sections, coupled in a manner similar to gas-pipe, except that the coup-
lings were forged of the best Norway iron, and they were made to ta per 
in each direction, assuming the form of a barrel. Into these couplings 
the ends of the rods were screwed very tightly, so that the impact would 
be upon the ends of the rods, and not upon the coupling. Sufficient 
orway iron was welded to the end of the rod upon which to cut the 
threads. The rod started into the ground first was provided with a 
steel point· sharpened round and rather bluntly, and a short section 
of rod about 6 inches long, steel at one end and Norway iron at the 
other, was used as a striking cap. The end composed of Norway iron 
wa provided with threads and screwed into the coupling in the same 
manner as the rods. The impact of the hammer came upon the steel 
head. 
Great difficulty and annoyance was experienced at first by the bend-
ing of the rods near the joints. This difficulty was produc.ed by two 
causes: First, the difficulty of driving the rod induced the use of too 
heavy a hammer; second, the jarring and rncoil of the ro_d under the 
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heavy blows caused the joints to work loose slightly. The first cause 
was remedied by the use of a smaller hammer. A 6-pound hammer 
was found to be the most suitable. It was provided with a 3-foot 
handle and was wielded with both hands. To obviate the second 
difficulty a man was placed with a pair of pipe tongs to keep a con-
tinuous strain on the rod, tending to screw the joints up, and instructed 
to impart a considerable impulse after each blow, to insure the closing 
of any space produced by the blow. 
Sometimes the rod wonld strike a bowlder. If the contact were 
squarely on top of the bowlder the rod would refuse to go farther and 
had to be withdrawn and moved a short distance to one side or t,he 
other to avoid the bowlder. If the bowlder were encountered on a 
sloping surface the rod would usually bend and sometimes would 
break. If the bowlder were comparatively small, however, it would 
sometimes be forced to one side and the rod would pass on with per-
haps a slight bend. The soundings' in which there was any great dis-
tortion of the rods, however, were comparatively few. 
The method adopted at first for pulling the rods was a lever, which 
consisted of a large, crude wagon tongue made of ash. A heavy chain 
was provided, which was tied around the rod at the surface of the 
ground, a loop was made, and the lever employed to pry the rod out. 
This method soon proved very unsatisfactory for two reasons-first 
and mo t serious, when deep soundings were made it was impossible 
for two or thr e men with the leverage afforded to pull the rod; sec-
ond, when the rod was drawn in this manner the fact that the pull 
wa not exactly vertical caused a bending of the rod, and this bending 
wa one of the chief bugbears of this laborious undertaking. To 
remedy these objection another method was adopted for pulling the 
rods. A heavy steel bar about 15 inches long, 5 inches wide, and 3 
inche thick wa provided with an inch hole through the center and 
two notches, one on each side of this hole, in which were inserted 
heavy teel dogs. This rod puller was threaded onto the rod. The two 
dog were placed in position so that as the pull r was raised the dogs 
would O'rip the rod like the jaw of a pair of pipe tongs. A jackscrew 
wa plac d under each end of thi puller, provided with a long steel 
1 v r, and a man manipulated each jack crew. This method, though 
tr m ly low, wa emin ntly eff ctive and atisfactory for pulling 
th ro un il it wa uffici ntly wi hdrawn to come with comparative 
. Th n h l v r was u d, and, are being tak n not to bend it, 
r wa qui ·kly withdrawn. ot once wa8 a rod broken in pulling, 
fr 1u ntl h y w uld br ak ff und rO'round in process of driv-
1 th r :2 f of r <l w r lo t in thi manner. Th fre-
n incr, •, 1 r ~ 1 inO',• , and be tt rino- of threa 1 n e • itat d the 
n n f a bla k. mi h', forg at th point of work and the 
m nt f l l k, mith. 
p h a ~ hi h r k d ar a follow : 
34:. ~7.4 5.5 Eat 
5 .3 49.5 
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arrested there would still be some yielding to the blows of the hammer 
and the ~od did not have the firm feeling nor emit the clear ring pl'o-
duced by the bed rock. Though obviously there would still remain 
considerable doubt regarding the results obtained from a single sound-
ing, the figures above given in the case of all except the extremes of 
each row are so nearly the same depth as to be strongly confirmatory 
of each other. Thorough explorations should be made with a core 
drill before beginning the construction of the dam. 
It is assumed in round numbers that the maximum depth to bed 
rock in the Gila River at the Buttes dam site is about 65 feet, and on 
this assumption the quantities of excavation and the height and pro-
file adopted for the dam are estimated. 
SPILLWAY PROVISIONS. 
The first eonsideration in plans for a dam under the circumstances 
here presented is the provision of a safe and adequate spillway. An 
overflow dam of the height here proposed would be unsafe. The large 
catchment area of this stream, its mountainous character, the paucity 
of soil and vegetation on these mountains, exposing considerable areas 
of bare rock on steep slopes, and the sudden and violent nature of the 
summer rain storms, indicate the necessity of a spillway of large pro-
portions. What this capacity should be is recognized as one of the 
important and difficult pro bl ems. The best evidence th us far obtained 
regarding past freshets on this river was kindly furnished by Mr. 
Albert T. Colton. The greatest rise so far recorded on the Gila River 
occurred on the 22d day of February, 1891. Considerable evidence 
was obtained that no such flood had occurred since a date many years 
before the advent of the white man. Irrigating ditches supposed to 
be extremely old were overflowed and destroyed. Lands were over-
flowed that had retained no evidence of any previous inundation. 
On June 12, 1892, about sixteen months after this flood, Mr. Colton 
found marks of high water on both banks of the river far above any 
of the ordinary freshets, which he attributed to the great flood. This 
point was about 3¼ miles below the head of the Florence Canal, or 
approximately 6 miles below The Buttes. With his level he took a 
cross section of the river at this point and measured the slope of the 
channel. The cross section he obtained was 6,600 square feet. The 
slope measured was 10. 56 feet per mile. The channel was sandy and 
free of brush or large bowlders or other obstructions for a distance of 
300 feet above and 300 feet below the cross section. This information, 
meager as it is, is the best we have upon which to estimate the dis-
charge of the river at that time. 
':J.1he difficulty in obtaining correct results of this discharge lies in 
the uncertainty of the retarding effect of the channel upon the flow 
of the water. This retarding effect in a rough river bed is v,·ry great. 
Assuming this quantity as small as it could possibly be, a compu-
tation of the discharge was made, using Rutter's formula. 'I1he 
factor of roughness designated in the formula as "n" was taken as 
0.025. Not that this was considered the correct factor, as it is almost 
certainly too small, but by assuming the smallest possible value of 
"n" we obtain the largest discharge, and it is the largest discharge 
that should be provided for in the construction of a spillway. It is 
thought, therefore, that this computation will give conservative results 
and that a spillway based upon the discharge obtained would be safe. 
The result obtained was 102,566 cubi<> feet per second. And it is to 
accommodate this discharge that the spillway is planned. It will be 
s. Doc. 1-~l 
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seen at once that no such spillway could be economically provided 
artificially, and that the accommodation of the topography to the pro-
vision of this spillway is one important determining feature of the 
location and height of the dam. 
As will be seen by an examination of the contour map, there are 
two contours offering advantageous conditions for the height of dam, 
namely, 160 feet and 170 feet above the bed of the river, providing, 
respectively, for flow lines of 150 and 160 feet. The height adopted 
in these estimates is 170 feet. This, with the excavation of 65 feet to 
bed rock, requires a dam with a total height of 235 feet. The depth 
of reservoir for this dam is to be 160 feet, leaving 10 feet as the 
depth for water to flow over the spillway. A spillway of this depth 
to discharge a flood of 102,566 second-feet is required to be about 800 
feet in length, according to a formula for similar weirs given by Mr. 
T. 0. Clark, M. Am. Soc. 0 . E. H=~ ( 3.~ Ly. Such a spillway 
can be constructed for a flow line 160 feet above the bed of the river 
with very little excavation and a small amount of construction in 
the natural gaps to bring them up to this level. This fact is one of 
the principal reasons for preferring this height of dam over that of 10 
feet lower. As the reservoir gradually fills with silt, as it is sure to 
do, the capacity provided by the higher elevation will be required, 
and it i far cheaper to construct it at first than later, in addition to 
the fact that for the lower clam a large amount of heavy excavation 
in hard rock would be required for the spillway, which would only 
have to be rebuilt when the dam is raised to compensate for the fill-
ing of the reservoir with silt, as described later. 
THE DISPOSITION OF' SILT. 
IRRIGATION INVESTIGATION. 31 
first like an absurd exaggeration, but an examination of the evidence 
accounts for t,he result in a most plausible manner. 
The first water turned on to the land with its heavy load of mud 
deposits over the ground a thin film of extremely minute particles of 
silt, which acts at once both as a cement to render t,he surface of the 
ground impervious, and as a lubricant to facilitate the passage of 
the water over it. The most reliable.authorities claim that when an 
irrigating head of such water is applied to a field it will quickly run 
over the surface and nearly all escape at the lower edge of the field, 
whereas the same quantity of water when clear applied to the same 
land nearly all soaks into the ground. No such floods occurred dur-
ing field work of the present investigation, the river being practically 
clear throughout the field season, most of the material being carried 
during the summer rainy season, the period not covered by the field 
season mentioned. Attempts have been made, however, by private 
parties from time to time to measure the amount of suspended mate-
rial. The most important and reliable of these measurements were 
those made by Mr. Albert T. Colton in the month ending August 7, 
1893, and by Mr. W. Richins at The Buttes. Mr. Colton found the 
percentage of silt by volume averaged 2.2 per cent. As these obser-
vations were taken and reduced by Mr. Colton, who is a competent 
engineer, they are adopted as correct. The observations by Mr. Rich-
ins extended from July 29 to December 31, 1895. They were taken 
by the following method: 
A sample of the water was poured into a slender glass tube until it 
reached the height of 100 divisions on a convenient scale, and was then 
allowed to settle several days until the main portion of the water was 
clear. The height of the sediment on the same scale was then read 
and the result recorded as the percentage of mud carried by the water. 
The existence of this record, and the ·ease with which more of such 
observations could be taken, made it important that an approximate 
relation be established between the volume of this mud and that of 
the actual solid matter it contained. For this purpose several labora-
tory determinations have been made with muddy samples of Gila water 
by settling and reading the volume of mud as above, and then drying 
the residue at 100° C. and determining its volume. 
These observations indicate an average ratio of dry matter to mud 
of about one-fifth, and this factor has been used to reduce the mud 
observations of Mr. Richins to solid matter. 
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The following table shows these results: 
Percentage of sediment in Gi~a waters, 1896. 
[Observer, W. Richins.] 
July. I August. September. October. November. 
Day. Solid I Solid Solid Solid Solid 
Mud. mat• IMud. mat• Mud. mat• Mud. mat• Mud. ma.t• 
ter. I ter. t er. ter. ter . 
-------· --------
--
I 
1 ....... ······ --- --- -------- 15 3.0 17 3.4 20 4.0 5 1.0 2 ............. 
------ ---- ----
20 4.0 17 3.4 15 3. 0 3 .6 
8 ............. 
------ --------
20 4.0 15 3.0 15 3.0 3 .6 
4 ............. 
----- - ------- -
20 4.0 15 3.0 20 4.0 5 1.0 
5 ............. 
------ --------
20 4.0 12 2.4 20 4.0 5 1.0 
6 ... .......... 
------ ------ --
20 4.0 10 2.0 20 4.0 3 . 6 
7 -···· ·· ...... 
------ --------
15 3.0 5 1.0 20 4.0 3 .6 
B-·-··---····· ------ -------- 20 4.0 4 .8 15 3.0 3 .n 
9 -··-········· ------ ---- ---- 15 3. 0 1 . 2 12 2.4 2 .4 
10 ···-·-· ...... 
------ ------- -
15 3.0 5 1.0 10 2.0 2 .1 
11 _ -···· - ··-··· --- --- ----- --- 15 3.0 15 3.0 10 2.0 2 .1 
12 ....... -····· 
------ ---- --- -
12 2.4 15 3.0 5 1.0 3 .6 
13 ....... __ . __ . 
------ --------
7 1. 4 12 2.4 3 .6 3 . 6 
14 __ ........... 
------ --------
7 1. 4 12 2.4 3 .6 C) .1 
15 ....... ·-···· 
------ --- ---- -
7 1.4 12 2.4 2 .1 2 .1 
lfl .. ......... _. 
------ --------
7 1. 4 12 2.4 2 .4 0 .0 
17 _ ...... ·---·-
------ ----- -- -
7 1. 4 8 1. 6 2 .1 0 .0 
18 ..... ------·- ------ ------- - 7 1.4 15 3.0 2 .4 0 .0 
19 -··---··· --·- ------ -------- 7 1. 4 20 4.0 2 .1 0 .0 
20 ··-·········· ------ -------- 7 1. 4 20 4.0 2 .4 0 .0 
21 ...... ·-····· 
------ --------
7 1. 4 20 4.0 2 .4 0 .0 
22 .·-·····-··-· ------ -------- 7 1.4 20 4.0 2 .4 8 .6 
23 ·--····-·--·· ------ -------- 7 1.4 20 4.0 2 .4 5 1.0 24 ............. 
----- ---
7 1. 4 20 4.0 2 .4 5 1.0 
25 ....... ·-···· 
------ --------
7 1. 4 17 3. 4 2 .4 5 1.0 
26-········-··· ------ -- -- ---- 7 1.4 17 3.4 2 .4 3 .6 i?tt :::if :ff 7 1. 4 17 3.4: 2 .4 3 .6 7 1. 4 20 4.0 2 .4 3 . 6 17 3.4 20 4.0 15 3.0 3 .6 15 3.0 20 4.0 10 2.0 2 .4 
15 3.0 
------ --------
5 1.0 
------ --- -----
December. 
Solid 
Mud. mat-
ter. 
----
2 0.4 
2 .4 
2 .4 
2 .4 
2 .4 
2 A 
1 .2 
1 .2 
1 .2 
1 .2 
1 .2 
1 .2 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
1 .2 
1 .2 
1 .2 
0 .0 
0 .0 
0 .0 
2 .4 
2 .4: 
1 .2 
1 .2 
1 .2 
0 .0 
0 .0 
0 .0 
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could not aggregate anything like 30 per cent of the original capacity 
of the reservoir. 
It has been proposed to sluice out such material by providing large 
openings from the reservoir and occasionally alJ.owing a large volume 
of water to rush out and carry the collected material with it. rrhis 
method has been successfully employed in diverting .dams for keeping 
open the approaches to the head gates of -canals. It is also extensively 
employed in clearing reservoirs in Spain. But · experience has shown 
that only a comparatively small area is cleared by this method, reach-
ing on a steep grade for a moderate distance above t,he scouring sluices. 
For clearing a reservoir 2 miles wide and 15 or 16 miles long it is 
manifestly inadequate, and must be supplemented by something else. 
Another method of counteracting the tendency of the reservoir to 
fill is by enlarging its capacity. Fortunately this can be done with 
The Buttes reservoir to a considerable extent by building up the .dam 
and the spillways. The expense of this work need not be incurred 
for a great many years, or until the storage capacity is sufficiently 
impaired to threaten the safety of the irrigating interests dependent 
upon it. The cost of such enlargement of the reservoir would of 
course increase very rapidly with progressive enlargements, but one 
or two such enlargements would certainly be practicable. 
No other site exists where it would be practicable to construct stor-
age for Gila waters adequate to compensate for the destruction of the 
storage capacity of The Buttes reservoir. The time would inevitably 
come, therefore, sooner or later,when some means of scouring out accu..-
mulated material would have to be employed or the country supplied 
by the reservoir would have to be largely abandoned. The latter 
alternative is not to be considered. If the irrigated country will 
have to be ultimately abandoned, it would better never be settled, for 
the pressure for land will inevitably be greater in future than it is 
now. Some portion of the irrigated land might be provided with a new 
supply by pumping from wells, as described previom,ly in this report. 
In few places, however, would this be practicable, and the conclusion 
is unavoidable that some means must be provided for cleaning out the 
reservoir in addition to the ordinary scouring sluices. 
The method here proposed is as follows: 
At some future time, when the progress of deposition in the reser-
voir requires it, the Gila River can be diverted at a point a short dis-
tance above the head of the reservoir and the waters carried in pipes 
or flumes above the upper edge of the reservoir to the vicinity of the 
dam. At points along the side of the reservoir which are topograph-
ically favorable, preferably upon ridges jutting out into the lake, 
hydraulic giants are to be provided to act under the head of water 
furnished by the pipe line. Large sluiceways are to be provided near 
the dam, and at such times as the reservoir happens to be empty these 
sluiceways are to be hydraulicked out as in hydraulic mining. The 
material, being fine and freshly deposited, would wash easily and rap-
idly and be carried by the stream out of the reservoir through the 
sluice gates. This water need not be wasted, but could be diverted 
below for purposes of irrigation. It is not denied that such works and 
such method would be expensive, but, on the other hand their effect-
iveness is unquestionable, and it is believed to be by far the most fea-
sible method yet proposed for cleaning out a large reservoir. 
Surveys might show advisable modifications of the above-outlined 
plan, as, for instance, it might be cheaper to impound water in some 
of the side canyons tributary to the reservoir to obtain a greater head 
S.Doc.27-3 
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and a shorter stretch of canal. The tendency of an economical use 
of this method would be to keep the reservoir open in its lower part 
where it is deepest and allow the shallow portions along the edges and 
at the upper end to remain filled. This would contract the exposed 
area of water surface and diminish evaporation, which would in a 
measure compensate for the destruction of storage capacity. It is 
firmly believed that the plan of enlarging the reservoir by increasing 
the height of the dam and the employment of one or more large scour-
ing sluices, supplemented ultimately by operat ions like t hose above 
described, would insure perpetuity of the reservoir within practicable 
limits of expense. · 
PLANS FOR THE DAM. 
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seen, therefore, that these pressures increase ·with the length of the 
dam when built on a given radius. The radius of the curve can n~t 
be less than one-half the distance between abutments, and unless 1t 
is made much o-reater than this the increased length of dam due to 
the curved for~n is enormous. From these two considerations it is 
evident that, keeping the radius of the curve within practicable limits, 
the pressures on masonry in a dam acting as an arch increase so 
rapidly with the length of the dam that a limit of length is very 
quickly reached above which it is not advantageous to build the dam 
on a curved plan. Some authorit,ies place this limit as low as 300 
feet. It is probable that little practical advantage can be gained by 
building a dam of more than 500 feet in length on a curve. In the 
present case the top length is nearly 800 feet, and at the surface of 
the ground over 300, so that, no dependence could be placed in arch 
action without making the versed-sine of the curve so great and the 
surface of pressure so broad as to enormously increase its cost. 
The soundings for bed rock also show that as the center of the dam 
is located farther upstream the depth to bed rock increases. The 
excavation to foundation being one of the most difficult problems pre-
sented by this site, the latter fact is well worthy of consideration. 
For these reasons it is concluded that a dam perfectly safe on a straight 
plan can be built very much cheaper and involve only well-known 
laws of resistance and pressure, and such a plan is the one adopted.. 
Such a dam must be made absolutely safe from failure from either 
of the following causes: 
(1) It must be safe from sliding either upon its base or upon any 
horizontal plane. 
(2) It must be safe at every point against overturning around its 
lower toe. 
(3) It must have no tensile strains. 
(4) It must be safe against the crushing of the masonry. 
An examination of the practical profiles shows that when other con-
ditions are fulfilled the masonry is safe against sliding, even though it 
is built of open horizontal joints. As an additional precaution, how-
ever, and for other reasons, no such joints are allowed. The dam 
should be built of random rubble, with no courses either horizontal or 
vertical, and all parts thoroughly and firmly cemented together with 
hydraulic mortar, making a true monolith of the entire structure. 
Trenches should be cut in the bed. rock, especially at the upstream 
side or heel of the dam, and the masomy solidly bonded to the bed 
rock, making the monolithic form to extend into the bed rock. It 
will be seen that under these conditions sliding would be absolutely 
impossible. 
To insure against the possibility of overt,urning, a coefficient of 
safety of at least 2 is considered good practice. This condition is ful-
filled. when the resultant of pressures of water and weight of masolll'y 
passes through the middle third of every horizontal joint. The fulfill-
ment of this condition also fulfills the next; i. e., the elimination of 
tensile strains. The fourth condition, that of safety against crushino· 
is one regarding which widely different opinions have been expressed'. 
Some authoritie~ place 1.be safe limit of pressure on good masonry as 
low as 6 tons per square foot. It is difficult to see any good reason for 
such a limitation, as many structures are sta-nding with far O'reater 
pressures than this. 0 
The load on the stone arch bridge at Pont-y-Prydd in Wales is 
supposed to have a pressure of 20. 7 tons per square foot, on hard 
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limestone rubble masonry laid in lime mortar. The maxim um pressure 
on the granite masonry on the towers of the Brooklyn Bridge is about 
28½ tons per square foot. In the Washington Monument the normal 
pressure on the lower joint of the walls of the shaft is 20.2 tons per 
square foot, which may be increased to 25.4 tons by the action of the 
wind. 1 The pressure on the limestone piers of the St. Louis Bridge 
before completion is given by Baker at 38 tons per square foot. The 
pressure on the limestone masonry in the pneumatic piles at South 
Street Bridge, Philadelphia, is 15. 7 tons per square foot. 2 The pressure 
on voussoirs in the Bear Valley Dam is said to be over 40 tons per 
square foot. 3 The pressure on the piers of All Saints' church in 
Angers is given as 43 tons per square foot; on the Chapter House 
pillar, Elgin, 20 tons per square foot; on the pillars of the dome of St. 
Paul's church, London, 19. 7 tons per square foot. 4 
The same authority states that long-span bridges have sometimes 
pressures at their springing exceeding 62 tons per square foot. 
The safe limit of pressure on the base of the Quaker Bridge Dam 
was adopted by the chief engineer as 15 tons per square foot. 5 
Experiments have shown that the pressure required to crush small 
blocks of good concrete is as great as 150 tons per square foot. 6 
Some valuable determinations of the resistance to crushing of con-
crete prisms cut out of the Vyrnwy Dam were made by Messrs. David 
Kircaldy & Son in 1885, the lowest result obtained being 181 tons per 
square foot. 7 
The pressures on masonry in the Almanza Dam, which has been 
standing for three centuries, are given by Wegmann as 14½ tons per 
square foot. 
In the piers, columns, and arch bridges above referred to the pres-
sures are usually well known, with no considerable element of uncer-
tainty entering into their estimation. In the case of masonry dam, 
with their broad foundations these pressures are computed on the 
assumption that the dam is a rigid monolith without elasticity. This 
assumption i known to be in error, but the amount of elasticity is 
unknown, and by neglecting this element greater pressures are com-
puted than those which actually occur. Hence the error is on the 
ide of af ty, a it hould be. Th limit of pressure allowed in the 
profi.l ad pt d for the dam at Th Butt is 14. 5 tons per square foot. 
In th li h of he a ove fa t and evi<lence this limit is regarded as 
ampl n, rva ive and afe. 
hil th h v -r i d precaution in the intere t of af ty mu t 
all b pr i , a unt r infl.u nc mu t at th sam ime b given 
h , i. . , h 1 m nt of t. hil on id ra ion · of afety 
h 11 h ab -imp condi i n ompli d with, tho 
ha h h uld not b unduly x d <l. 
r h n i w k p r , c nd t mak h tr no-- h 
1 t r h n h w ake t i a u 1 
p. 251. 
lark ,Liverpool, 1 6. 
5urrace or Gravel 
·~~~111\ 
Fig. 5. PROFILE OF PROPOSED DAM AT THE BUTTES. 
S. Doc. 27- 54-2 
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with the right angle at; the upstream base. It is not practicable, how-
ever, to make a very thin section of masonry water-tight nor propor-
tionately as strong as a thicker section. It is necessary, furthermore, 
from other considerations to give the dam a considerable width of crest. 
This necessity is imposed by strains consequent upon the impact of 
waves and of driftwood. The thrust of ice usually provided for in 
such dams may be neglected here, as such a reservoir would never 
freeze in this climate. It is also desirable to provide a passageway 
over t~e top of the dam from one side of the valley to the other for 
convenience of travel and of caring for the dam and making necessary 
repairs. These additional minor strains to be provided for only occur 
at the surface of the water and need be considered only when the reser-
voir is full, as at all other stages the stability of the dam is greatly in 
excess of all demands, and while considerable in themselves as related 
to the thin section of the top of the dam the relative importance of 
these strains rapidly diminishes as we pass downward through t,he 
profile and the increased strains due to water pressure render them 
relatively negligible. The increased thickness given to the top of the 
dam need not continue very far below the top, but should continue in 
decreasing proportions sufficiently far to abundantly absorb all such 
strains as will be likely to occur. 
Another modification of the right-angled triangle consists in build-
ing the upstream surface or back of the dam on a slight batter instead 
of vertical. It is found by experience in masonry construction that 
a wall can be pointed up better and rendered more impervious to 
water if it has a slight slope than if vertical. The same modification 
also throws the heel of the dam farther upstream with relation to the 
top and modifies somewhat the pressure on the heel when the reser-
voir is empty. In the plan proposed a top width of dam is adopted 
of 12 feet. The upstream or back is given a uniform batter from to.p to 
bottom of 1 in 20. The downstream slope is given a batter of 1 in 2, 
until the requirement that the resultant of pressure, reservoir full, 
shall fall within the middle third calls for a broader base. This point 
occurs about 80 feet below the top of the dam. Below this point a 
batter of 2 in 3 is found to fulfill the conditions of stability imposed, 
and this slope is continued to the base, making the base width 160 
feet. Some theoretical profiles of such masonry darns call for a curved 
face and back, but there seems to be no reason for this except orna-
ment. The curves are not demanded by correct theory, and there are 
objections to their adoption in practice, as they introduce annoyances 
that increase the expense of the work without adequate justification. 
A parapet wall 3 feet in height is to be provided, to prevent waves 
from overtopping the dam. It also serves as a safeguard to the high-
way over the dam. An examination of the strains to which such a 
d~I?- would be subjected shows that at all points and under all con-
dition ~he rjj ultant of pressures will fall within the middle third of 
any horizonta~ joint. This, as before stated, insures an ample factor 
of safety agamst overturning, against t~nsile strains and aO'ainst 
sliding. The maximum pressure on the base reservoir' full is gn the 
downstrea~ toe, and_ is approximately 14.4 tons per squar~ foot. If 
the reservoir be considered absolutely empty, the maximum pressure 
on the heel will be somewhat greater than 15 tons per square foot· but 
as the outl t gate will be at least 90 feet above the base of the' dam 
on bed ~'O k, there will always be at least 90 feet head of water in the 
reservoir~ the thr~ t of which largely relieves the pressure on the heel. 
The specific gravity assumed for the masonry in these computations 
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is 2.3, which is in round numbers as nearly true as possible. Plenty 
of rhyolite, a volcanic rock of fair building quality, occurs at the dam 
site. 
The stability of the dam has been computed on the assumption 
that it will be practically impervious to water, or so nearly so that 
little or no water can enter the dam under full static head. The 
coefficient of safety against overturning is sufficient to allow a very 
considerable leakage under static head, but if the dam or its founda-
tions were so porous and pervious to water as to admit an upward 
pressure on any entire horizontal joint equal to the full static head of 
the water, reservoir full, the dam would immediately fail. It must 
be seen, therefore, that the quality of the masonry, and particularly 
the imperviousness of the back of the dam, is absolutely essential to 
its safety. This consideration led to the adoption of a batter for the 
back of the dam and calls for faultless plans and rigid supervision in 
construction. The masonry of the back of the dam for at least 10 
feet of thickness from the water should be in rich mortar made from 
the best material and all joints should be carefully and thoroughly 
tilled and the mortar rammed in place, and the back should be care-
fully pointed with neat cement mortar by the most skillful of masons. 
The masonry in other portions of the dam should also be laid with 
the greatest care, especial attention being paid to the filling and ram-
ming of mortar into all joints and the perfect bedding of the stones. 
But with the exception of the back surface above referred to, the 
masonry could be laid in mortar containing a smaller proportion of 
cement, but carefully mixed. The same consideration of stability 
d mands that tho utmost care be taken in the foundation of the dam. 
Excavations must be ca,rriecl below all the fissures 01 porous parts of 
th rock and a thorough bond made between the base of the dam and 
th b d 1·0 k. 
The outlet of this reservoir would be through a tunnel 1,200 feet 
long cut through the hill to the we t of the dam site. It would be 
about 3 feet above the bed of the river at the dam site, so that 
th d li ery anal would be well above the reach of floods in the 
river. It will b , een that the capacity of the reservoir below this 
point of u tak is only about 1 per cent of the capacity of the reser-
voir pr p . ed. n outlet tunnel about 400 feet shorter might be 
buil t h a f he dam, but thi would bring the water out on the 
id f h river and w ul<l n ce sitate a long and expensive 
whi ·h w uld b ndang r cl by the di charge over both spill-
f r th , l'ea n th tunn 1 at the we tern side of the dam 
I i . advi ;; bl , h , v r, to uild thi , horter tunnel aH 
r ·l auin O'th r 1·v ir. It,ouldbeverylarge,increa-
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floods that might destroy all that had been done, or at least injure and 
retard the work. 
As the construction of the sluiceway and other diversion works 
would consume at least four months, and should precede the begin-
ning of excavation, and some time would be consumed in surveys, let-
ting contracts, etc., work ought to begin in spring or in early summer. 
If the season should be like that of 1895-96, the river might be 
diverted early in December, and excavation and construction could 
proceed without interruption from floods until the middle of July-
seven months. The canal from the outlet tunnel would for a distance 
of about 3 miles be through rough country and would be expensive. 
It would be given as heavy a grade as the rocky material would per-
mit without destructive erosion, but would require the construction 
of several drops. These would be cheap, however, because they could 
be accommodated to the topography and in places could probably be 
made to cheapen construction. The rest of the canal would be through 
favorable country and would be cheap except in the matter of right 
of way. 
Much of the country t,raversed by the canal is in the hands of pri-
vate parties. There are also in the reservoir site some private inter-
ests which would have to be satisfied. There is one cattle ranch on 
unsurveyed land in the upper part of the reservoir site and some 
placer claims exist near the proposed site for the daai. From the 
nature of the case no definite information could be obtained as to what 
the actual charge for damages would be. The item of total damages 
is roughly estimated at $20,000, which ought to be ample to extinguish 
all private claims for land damages. 
Private parties have attempted to establish claim to this reservoir 
site by posting a notice to that effect near the dam site, and have main-
tained a man at the place to read a river gauge and take observations 
of silt carried, etc. These observations have, as a rule, been roughly 
and most of the time carelessly taken. It is difficult to say upon what 
pretense these proceedings can establish valid claim to the reservoir 
site or to the water right. It would be highly rash, however, to pre-
dict that no award would be made to such claimant by the courts. In 
view of all the claims upon the lands and the water, it would be essen-
tial to obtain legislative authority for the condemnation of any claims 
advanced if this reservoir were to be built. 
COST OF THE PROJECT. 
Following is an approximate estimate of the cost of the construction 
of the reservoir and canal: 
Rubble masonry in dam, 225,000 cubic yards, at $8 ___ •• ______________ $1,800,000 
Outlet tunnel, 1,200 feet, at $12.50 __ ___ _________ ___ ________________ .. _ _ 15, 000 
Excavation for dam, 50,000 cubic yards, at $1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50,000 
Outlet tower and gates ___ ____________ ____ __________ __ ______ ________ .. _ 10. 000 
Main canal in mountainous country, 3 miles, at $5,000 _____ ____ . _._ _ ___ 15,000 
Main canal in plain, 20 miles , at $1,500 ______ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 30,000 
Distribu taries, 80 miles, at $500 __________ . ___________________ . _ _ _ _ _ _ _ 40, 000 
Masonry in spillways, 2,000 cubic yards, at $6 ____________ ___ ____ . ___ .. 12,000 
Sluiceway tuJ?.nel and gate _____________ ._____________________________ 13, 000 
Roc~exc~vation, 5,000 yards, at $2________ _____ _______ __ __ __ ________ 10,000 
Engmeenng - - -- - - - _ - -___________ __ ____ . __ _______________ . _ _ _ _ _ _ _ _ _ _ _ 25 000 
Right-of-way damages. -... __ . _ . _ . ______ _____ ___ ______ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ 20 '. 000 
Add 10 per cent for contmgencies _____________________________ . _ _ _ _ _ 204,000 
Total 
-------------------~------~--~------------
2,244,000 
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The cost of operation is a matter of some uncertainty. The fixed 
charges for engineering superintendence, water masters, etc., would 
probably be in the neighborhood of $10,000. Ordinarily repairs with-
out provision for washouts or renewals should not exceed $2,000. As 
the proportion of perishable material in the work would be very small, 
limited to a few flumes, gat.es, etc., extraordinary repairs should be 
neitherfrequentnor heavy. The cost of operation ought not to aver-
age more than $15,000 per annum until such time as measures would 
have to be taken to rid the reservoir of its accumulated silt, when, of 
course, they would be increased. 
WATER SUPPLY. 
The following table shows the discharge of the river at this point 
for the season of 1889- 90, measured by the irrigation survey, and 
the results from measurements still in progress for .the season just 
closed: 
Gila River Buttes, Arizona. 
[Drainage area, 13,750 square miles.] 
Discharge. Run-off. 
Month. 1-------~---1 Total for 1-------
1889. 
~~~tZ:rb~~-:::=:::::::::=== == November __ ___ _______ _____ _ 
December __________________ _ 
1890. 
~Jli:~~==================== ~~il __________ __ ____ __ _____ _ 
June _________ ____ ___________ _ 
i';I~st==--·_:::=·--_:::::: = ===== 
Maximum. Minimum. 
Second-feet. 
210 
210 
250 
890 
2,100 
1, 514 
710 
333 
150 
35 
3,112 
6,330 
Second-feet. 
90 
140 
156 
124 
310 
405 
300 
158 
35 
27 
11 
1,115 
Mean. 
Second-feet. 
128 
157 
212 
275 
680 
578 
387 
238 
87 
28 
130 
3,137 
Total for year. ____ ______ _________ ___ ______ ____ ___ ________ _ 
1895. 
November ________ _______ __ _ 
December ___ _______________ _ 
1 96. 
!]~!~=====-=========-:===== ~/a~l _______________________ _ 
Jun ----- ------- ---- --------July .·--- ___________________ _ 
August ______________ _______ _ 
p mber _____________ ____ _ 
to r ___________ _______ __ _ 
7, 500 
770 
560 
340 
366 
340 
68 
32 
11, 7 
3,150 
2 -
11:103 
300 1,103 
518 677 
250 396 
175 209 
153 242 
68 180 
12 32 
1 5 
1 1,441 
175 810 
45.5 9 
1,CXlO 4,145 
Total f r y ar _________ ___________________________________ _ 
month. 
Acre-feet. 
7,616 
9,655 
12, 614 
16,912 
41,820 
32,079 
23,800 
14,161 
5,ooO 
1, 666 
7,995 
192,925 
366,593 
65 629 
41:027 
24,349 
12,022 
H, 79 
10,710 
1,968 
298 
88,604 
49,807 
58,310 
254,866 
623,009 
Depth. 
Inches. 
. 010 
.013 
.017 
.023 
.056 
.043 
.G32 
.019 
.007 
.cm 
.010 
.263 
.495 
.089 
.056 
.032 
. 016 
.020 
. 014 
.002 
.0003 
.121 
. 068 
.079 
.347 
.8443 
Per square 
mile. 
Second-f eet. 
.009 
.011 
.015 
.020 
.049 
.042 
. 028 
.017 
.006 
.002 
.009 
.228 
.436 
.080 
.049 
.028 
.015 
.017 
.013 
.002 
.0003 
.105 
.059 
.071 
. 301 
.,403 
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three can be found which furnish a record of considerable· length and 
are brought up to date. These are Fort Grant, with a record beginning 
with 1873; San Carlos, beginning in 1881, and Willcox, beginning in 
1880. Thealtitudesare4,860, 3,456, and 4,164, and they are fortunately 
also fairly well distributed geographically. · 
It may fairly be assumed that the mean precipitation of these three 
stations bears a constant ratio to the mean precipitation of the basin. 
Exactly what that ratio may be can not, of course, be known, nor does 
it signify, provided only that it be constant, as assumed. The mean 
annual rainfall at each station, the mean of the three, and the total 
run-off for the two years in which it was measured are given in the 
following table: 
Year. 
Ra inf all and run-off in Gila Basin. 
Fort 
Grant. C~;k>s. Wilcox. Mean. 
Measured 
run-off. 
---------------,--------- ___ , ___ _ 
1881-82 ••••••....... .. . ···- - ...•• -··· -····· .•.•.... 
188~··· ·························-··············· 
1883-84 .... ---- --- . ---- .. ---- ............. . ....... . 
1884-85 ......... --- ... - .. - ----- - - ---- .... . - ..... .. . 
1885-86 ........ ---- .. ----. : ..... . ---- - --- ...... - -- -
1886-87. ·----. -----. --- --. - ---- --- - - - -...-· ......... . 
1887-88 ......... --· .. -- .... .... - -- - - --- -- .. - --- ... . 
1888-89 .... . ·----. ----- --- ............. ---- ---- ... . 
1889-90 ... -··. ····- -- ···- ---- - . - - - -- - ---· - -- · ------
1890-91. ... ----- -·-·· --·--·-- ---- ·- -- ---- ·-·- ... . . . 
1891-92. ···--. -···- --·· ..... --- ·--- --··· ..... ...... . 
1892-93 .......... -- -- ---- -- -- --- - - --- ---- - --- - - ----
1893-94 .... ---- --- .. ----- ---- . ·· --·. ····· .... - -···· 
1894-95 .... . ·---- _ --- . ----- --- - ---- - --- ---- ---- ----
1895-96 ... •.... ---- ---- ·--- ----. --- . ----- ---- - - - -·-
Inches. 
19.25 
14.06 
18.35 
16. 76 
14.33 
23.51 
11. 94 
17. 74 
14. 30 
14.30 
9.45 
10.07 
14.12 
11.69 
12.41 
Mean.·---- ...... _________________ ____ --·--- 14. 82 
Inches. 
16.00 
11. 32 
15. 77 
14.26 
10. 93 
7,,56 
8.99 
15. 01 
17.12 
15. 67 
13.03 
10.47 
9. 70 
9.31 
14.45 
12. 64 
Inches. 
6.22 
9.50 
8.60 
14.12 
8.53 
14.64 
11.60 
14.20 
15.15 
9.95 
8.59 
4.65 
5.09 
7. 58 
6. 76 
Inches. 
13.82 
11.63 
14.24 
15.05 
11. 26 
15.24 
10.84 
15.65 
15.52 
13.31 
10. 36 
8.40 
9.64 
9.53 
11.21 
Acre-feet. 
366,593 
623,069 
9.68 I 12.38 ----···-·---
1 
The first year for which the run off was measured, 1889-90, has the 
highest precipitation in the record, except one, which occurs in the 
year previous, and would somewhat affect the measured run off. 
From this fact, it might be well supposed that the run off for that year 
ought to be the maximum. But the year 1895-96 has a much greater 
run off, while the mean precipit.ation for that year is one of the lowest 
in the record, being considerably below the average. This apparent 
anomaly only emphasizes the well-known fact that the percentage of 
run off is very greatly affected by the manner of the precipitation, 
whether in sudden showers, which favor a large run off, or in slow, 
drizzling rains, which favor a large absorption and subsequent evapo-
ration. In a basin so extensive and of such various topographic 
features as the one under consideration, the locality of the rainfall 
may also strongly modify the percentage of run off. It thus seems to 
be impossible to arrive at an accurate estimate of the run off of this 
basin without actual measurements extending through a long series 
of years. 
In the light of the ascertained facts it is conservatively estimated 
that an annual supply of about 150,000 acre-feet from this reservoir 
might be relied upon, leaving a capacity of 50,000 acre-feet to be 
eventually filled with ilt. ' ' 
It is estimated that with careful use 2 acre-feet of water mio-ht be 
made to _serve an acre of land, including all losses by seepage and 
evaporat10n. 
It i al o a urned that .it would be_ desirable eventually to use 
20,000 a~re-feet on the Indian reservation, and this amount should 
be set aside for that purpose. 
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During the past summer about 6,500 acres of land were irrigated in 
the Gila Valley. This could be done, under economical management, 
with 13,000 acre-feet of water, though more than that was used this 
year. This leaves a supply of 117,000 acre-feet available for the 
reclamation of public lands, which would be sufficient to reclaim 
58,000 acres. 
This land it is believed could be readily sold to settlers in tracts of 40 
acres or less at $10 per acre with water right,, and an annual wate1· 
rental of $1.50, reserving to the Government the right to increase the 
rental at such time and in such amount as will be necessary to main-
tain the works, and secure to it an annual income equal to 4 per cent 
of its actual investment. 
Inasmuch as the present irrigators have paid the United States for 
their lands and have an equity in the water right, as shown in a pre-
vious portion of this report, it is deemed fair to ·make no charge for 
water right to those lands actually irrigated in 1896, but to subject 
them to the same annual rental as the rest. It should be expressly 
stipulated that all lands holding water rights should pay the full 
annual rental every year regardless of whether the lands are cul-
tivated or not, and this payment should be secured by the lands 
themselves. This would prevent purchase by speculators and others 
not bona fide cultivators. As soon as the lands were all disposed of, 
the financial statement would be something like this: 
Cost of works ________________ _________________ ___ __ . ______________ __ $2,244, 000 
Interest two years, at 4 per cent __________ __ _____ ._. ___ .. _____ ____ ____ 179, 520 
Total. _______________ _ .. __ . ____ . _. ___________ . ___________ .. _ _ _ _ _ 2, 423, 520 
Received for lands ______ . __ . _ . _ .. _ .••..• _______ . _ .. __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 580, 000 
Remaining invested ___ . __ . ___ .. ______ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1, 843, 520 
Annual water rentals ___ ._ .. ____ ___ . _________ __ _____ ________ _________ . 96, 750 
Annual cost of maintenance __ . _. ______ ____________ ____ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ 15, 000 
et annual income ____ _______________________ . ________ _______ _ 81,750 
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QUEEN CREEK RESERVOIR. 
While investigations on the Gila River were in progress inquiry and 
inspection were carried on to learn whether other storage sites could 
be found which might prove more advantageous for the purpose 
intended. One such site was found on Queen Creek, a tributary of 
the Gila River. This creek rises in the mountains to the eastward of 
Silver King mining camp and, flowing in a generally southwestern 
direction, leaves the mountains below Whitlow's ranch, and in ordi-
nary years loses itself in the desert north of the Gila River Reserva-
tion. In times of extremely high and protracted floods the wat,ers 
of this creek reach the Gila River several miles below Sacaton 
Agency. At Whitlow's ranch the creek passes between two buttes 
forming a narrow, rocky gorge, advantageously conrlitioned for a dam 
site, and above this point the valley spreads out in a broad basin 
favorable for storage. Little was known of the possibilities of this 
storage project at the time the investigation began. Some desultory 
attempts at survey had been made, but without definite results. The 
drainage area tributary to the reservoir was variously estimated at 
from 80 to 250 square miles. This limited area, considering the arid 
climate, was evidently the limiting condition to the availability of the 
storage proposition. It was necessary, therefore, in the absence of 
any measurements of discharge for this stream, to determine the area 
of catchment and its topographic configuration in order to form any 
idea of the amount of run off to be expected from it, and it was decided 
to make a topographic survey of the catchment area, the storage basin, 
and the dam site, as well as of the country through which waters from 
this reservoir would be carried to the reservation. 
It is apparent that this reservoir can be much more cheaply con-
structed than the dam at The Buttes. It is somewhat nearer the reser-
vation and the country through which the necessary canal would pass 
is more favorable to cheap construction; and it is obvious that if an 
adequate water supply could be furnished by Queen Creek it is more 
nearly adapted to the solution of the problem in hand, considered 
by itself, than The Buttes reservoir. Hence the utmost pains were 
taken to make the investigation of this hydrographic basin complete 
in all its details so far as time and funds would permit. 
SURVEYS. 
As before stated, the site for the reservoir is surveyed by the plane 
table to a height of 140 feet above the bed of the creek at the dam site 
and contoured in 10-foot intervals. The capacities of the reservoir 
for various contour heights are given in the following table. The bed 
of the creek at the dam site is at an elevation of about 2,050 feet. 
AREA AND CAPACITY OF QUEEN CREEK RESERVOIR. 
Con- Area. apacity. Con- Area. Capacity. Con- Area. Capacity. tour. tour. tour. 
-
Acres. Acre-f eet. Acres. Acre-feet. Acres. Acre-feet. 
2,060 40 2, 110 279 5,425 2,160 757 30, 795 
2,070 22 190 2,120 356 8,600 2, 170 894 39,050 
2,080 52 560 2,130 445 I 12, 605 2, 180 1,019 48,615 2, 090 112 1,380 2, 140 
~ ! 
17, 520 2, 190 1,191 59,665 2, 100 209 2, 985 2, 1!50 23,360 
C-· 
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Soundings with rods were made at the dam site to determine the 
position of the bed rock after the manner described in the report on 
th€ dam site at The Buttes. The deepest sounding was 32 feet. 
None of the others reached a depth of 30 feet. Twenty-three sound-
ings were taken, distributea along three lines near the toe, the heel, 
and the axis of the dam. 
PLANS FOR THE DAM. 
The rocky nature of this site and the absence of any suitable mate-
rial in the immediate vicinity for the construction of a safe earthen 
dam, together with the porous nature of the gravelly foundation , pro-
hibits that form of construction. The great cost of cement, and 
especially of the transportation of the same, put 3, handicap upon 
masonry. It was decided that the conditions were most favorable for 
what is known as the rock-filled type of dam, with a water slope of 1 :1 
and a downstream slope of ½:1, the top width to be about 10 feet and 
the water slope to be paved with a hard, tough asphalt concrete. The 
entire dam site is to be excavated to bed rock, and at the upper toe of 
the <lam a masonry wall with a minimum thickness of about 6 feet, 
with ide slopes of about 1 in 4, is to be carried down from surface to 
bed rock to cut off seepage under the dam, this wall to be of the best 
quality of uncoursed rubble masonry laid in first-class cement mortar. 
The slope of the dam are to be built with care, the stones to be care-
fully laid for a distance of 3 feet from the surface, and the center of 
th dam is to be of large, loose rock, with the voids well filled with 
smaller rock and gravel rammed in place. 
Thi.· dam not bein<Y in the nature of a monolith, its overturning as 
a whole, in the uppo ed manner of a masonry dam, is impossible. 
Th only method of failure would be either by sliding on its base or 
in me other portion, or by crushing. The coefficient of a dam of this 
h ight and ection again t crushing is enormou and need not be con-
sid r 1. Th breadth of base adopted in order to give the desired slopes 
al. o provides a very large coefficient of safety against sliding. This is 
largely due to th flat water slope adopted, which causes the safety 
ao-ain. t liding to remain large as the water rises in the reservoir, due 
to the weigh of water upon the slope of the dam itself. The form of 
fa irw h re adopted is in some sense a new departure in dam con-
tru i n. Th paving material proposed would be composed of a 
mix ur of a phalt, sharp and, and small broken stone in proportions 
of ab ut 1, 3, and 5, the exact proportion dep nding somewhat upon 
h nature and phy ical properties of the material used, which can 
e rmin d onl by xperiment. It is held that such a pavement 
i p culiarly adap d hi u e. Other methods of rendering a dam 
f hi , rt imp rviou to water are: 
ir , by mean of c ment ma onry. Thi method is un afe, for 
• u h mi boun to ttl mor or 1 , , and th ma onry, beinO' of 
ri i na ur , will n adapt i elf to u h ttl ment, but will rack 
an pr u 1 ak · " hich may b com dangerou and cau e th failure 
of he m. 
y h u f a plank fl orinO' prop rly alked and bolted 
r it 
IOFf. 
Water Surf'ace 
·--=-~---=----==: --==- ~  - . -=-= 
Fig. 7. PROFILE OF PROPOSED DAM ON QUEEN CREEK. 
S. Doc. 27-54-2 
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necessary to close the -leaks due to its alternate saturation and expo-
sure to the sun. The form adopted, it is believed, would be better 
both as to efficiency and. permanence. 
Third, by the use of earthen facing. But here again it is difficult 
to prevent leaks where the bond must be made between earth and 
rock, as in the present case, and as before remarked, good material 
for earthen puddle is not at hand. 
Asphalt concretes of various composition have been used a number 
of times for similar purposes in the lining of small reservoirs and 
ditches. Its strong points are its resistance to decay (being practi-
cally as great as that of the rock itself), its complete imperviousness 
to water, and its flexibility. It readily adapts its form to any ordi-
nary settlements of such a structure without impairing its utility. 
The one weak point of this material is the possibility that if, through 
an error of judgment, the concrete should be made too rich, the 
hot sun of ' this climate might so soften it as to cause it to gradually 
creep down the slope of the dam. It will be seen that the effect 
of such action would probably be to thicken the coating of concrete 
in the lower portion of the dam and to cause weakness in its upper 
portion, but, as such action would-take place only under the heat of 
the sun, the weakened part would be exposed where it could be easily 
and conveniently repaired, and no great or lasting damage would 
be done. In this respect this form of covering is peculiarly superior 
to the others mentioned, for in a storage reservoir of this character it 
is not convenient to drain the reservoir for the purpose of making 
repairs. 
It is absolutely essential that such a dam be protected beyond per-
adventure from the possibility of water flowing over its top. For if 
this were permitted, it would immedi&tely fail, as illustrated in such 
an appalling manner by the failure of the Walnut Grove reservoir. 
And here again we meet a condition imperatively demanding a knowl-
edge of the maximum discharge of this drainage area, a knowledge 
which at present can only be approximated. Mr. Whitlow, who has 
lived at the site of the proposed dam for seventeen years, testifies t;hat 
by far the greatest flood known here in that time occurred in October, 
1895. It is a confirmatory circumstance that at this time the water 
lacked only a few inches of fl.owing in at his front door. If it had 
ever been higher, he would probably have noticed it. A search for 
high-water marks left by this flood and a careful comparison of cross-
sections and elevations indicated by them give data for a rough com-
putation of the volume of that flood. It was probably under 15,000 
cubic feet per second. A recognition, however, of the prime impor-
tance of providing against overflow of the dam led to the adoption of 
20,000 second-feet as the capacity of the spillway. 
WATER SUPPLY. 
Although the water supply was the vital point in question, very little 
reliable data concerning it could be obtained. Of actual measure-
ments of discharge there were none. The creek is normally dry 
throughout, all its lower and part of its upper course, the fl.ow at 
Whitlow's ranch throu~h the spring ~eing from 1 to 4 cubic feet per 
second. Th only available observat10ns of a hydrographic nature 
wer th?se of rainfall taken at ilver Kinp' beginning July 1, 1889, 
and ndrng Jun 30, 1 90. These observations are found in "Irrio-a-
tion and wat r stora()' in the arid regions," published in 1891 under 
the authori y of the honorable ecretary of War. 
s. Doc. 1- a~ 
46 IRRIGATION INVESTIGATlON. 
· In order to obtain the mean and minimum rainfall at this station 
observations taken were compared with synchronous observations at 
other stations in Arizona of long record. For this purpose the stations 
selected were Florence, Fort McDowell, Fort Apache, San Carlos, and 
Fort Lowell. 
This comparison is shown in the following table: 
Cornparison of rainfall at Silver King with that at five other stations, from July, 
1889, to June, 1890. 
I I 
July. Aug. 1Sept. Oct. ! Nov. Dec. Jan. Feb. .l.\far. Apr. May. June. Total. 
I 
------
--
---1- ------·--
Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. 
Florence ....... ... 0. 00 0.53 0.34 0.44 0.47 2.06 1.34 1.00 U.23 0.68 0. 00 0.00 7.00 
Fort McDowell ... 0.62 0.29 0.61 1. 31 0. 73 5. 31 0. 89 1. 37 0.96 0.55 0.00 0.00 12.M 
Fort Apache ...... 2.67 2.87 1.02 0.46 0.5.5 3.98 2.26 2.40 0.82 1.39 0.00 0. 00 18.42 
an Uarlos . ....... 1. 83 0.87 2.05 0. 60 0.40 2. 30 2. 11 1. 66 1.03 1. 31 0. 00 0.00 14.16 
Fort Lowell ...... B.36 2.07 3.32 0.34 0. 19 1. 58 2.09 0.55 o. 74 0.75 0.00 0.00 14.99 
Silver King .. _ .... 1. 88 2. 78 0.97 1.17 . 0. 83 5.22 3. 77• 2.93 0.64 0.60 0.00 0.00 20. 79 
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of this drainage basin. The method referred to is ·that of obtain.i11g 
a factor of increase in precipitation due to elevation by a comparison 
of the records of rainfall at various stations in this part of Arizona. 
The stations available for this purpose were: Florence, Fort McDow-
ell, Fort Apache, Fort Lowell, Phamix, Breckenridge, Fort Grant, 
Fort Verde, Prescott, Fort Buchanan. Of these stations, two-Flor-
ence anci Phrenix-are situated out on the plains far away fro~ the 
mountains, are not topographic parallels, and should not be used. 
The following shows the increase of rainfall with each 100 feet rise 
in elevation with Fort McDowell as a base: 
Increase of rainfall with altitude. 
Station. Le~f
th 
· Eleva• Elevation above 
McDowell. 
Meas· ?;:~:;:~t 
ured per 100 
record. tion . rain. feet rise. 
J\IcDowell ........ . ............................. . 
Lowell ... ....................................... . 
~~~i~~~!i~~:: = = = = ::::: :: : : : : : : : ~::::::: ~ ~: :: : : : 
Fort Buchanan ................................. . 
;~~~:.~~~.~~ = = ::::: :::: :::::: :: ::: : :::: ======= ::: 
Prescott •.. .......................•. ~ .. -........... . 
Yr.Mo. 
23 10 
19 5 
6 10 
17 2 
3 11 
18 10 
22 
23 11 
Feet. 
1,250 
2,400 
3,800 
4,860 
5,330 
5,050 
3,160 
5,390 
Feet. Inches: 
-- ----- - - - - ~ 10.38 
1,150 12.37 
2,550 17.03 
3,610 16.85 
4,880 21. 58 
3,800 21.04 
1,910 13.13 
4,140 17.06 
Mean .... ... .. ........................................................................ . 
Base. 
.17 
.26 
.18 
.27 
.28 
.15 
.16 
1.47 
.21 
The greatest range of this constant is from 0.28 per 100 feet rise for 
Fort Apache to 0.15 at Fort Verde. Using the former constant with 
Fort McDowell as a base gives a rainfall for Silver King of 18.1 inches. 
With the same base and the constant of 0.15, we have the rainfall of 
Silver King 13. 98, making a1i extreme variation of 4.12 inches. 
Assuming as the constant increase in precipitation for each 100 feet 
rise in elevation 0. 21 of an inch, we have for Silver King, at an eleva-
tion of 3,650 feet, a rainfall computed thus: · · 
l<,eet. 
Silver King, elevation_ ..... 3,650 
Fort McDowell, elevation ... 1,250 
Inches. 
Rise ........................ 2,400 x 0.21-:-100 ......•........ 5.04 
Mean rainfall at Fort McDowell ._ ... ___ . __ . ___ . ___ . ____ ..... _ 10. 38 
Increase for Silver King. __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 04 
Computed mean rainfall at Silver King ........ _ .... ___ .... _. _ 15. 42 
In view of the fact that, as above stated, Fort McDowell has the 
longest record of any station in the vicinity of Silver King and is most 
nearly comparable with it topographically, and that this computed rain-
fall is conservative as compared with that arrived at above by com• 
pari on with other stations, and by comparison of actual observations, 
the rainfall at ilver King is assumed in round numbers as 15.4 inches 
and this d t rmination, while of course rough, is considered amply 
conservative and the b t obtainable with the present information. It 
is taken a a ba i fort.he computations to follow, of the run off of this 
ba in, and can b improved only by further observations of rainfall and 
II!-- asur me~ of h di ch_aro-e of Que.en Creek at the proposed dam 
site extendmg r a con 1derable period of time. The importance 
48 IRRIGATION INVESTIGA'l'ION. 
of such measurements will easily be seen, and accordingly a requi-
sition appro-rnd by the Honorable the Director of the Geological Sur-
vey was forwarded to the Honorable Commissioner of Indian Affairs, 
requesting that an allotment of $900 be made for carrying on observa-
tions of rainfall and discharge on this creek. This allotment was duly 
made and observations are now in progress. Before actual construc-
tion can possibly begin on this project much better data will be at 
hand than anything now attainable, and, if necessary, plans can be 
modified accordingly. The following computa tions, however, were 
made as a guide to estimates of quantities and 3ost involved in con-
struction at this point. 
For the purpose of estimating the percentage of l'un off from the 
basin it is necessary to know both its area and its topographic config-
uration. Both these items of information are furnished by the topo-
graphie map which was made of this basin. 
For hydrographic purposes the basin of Ql!,een Creek reservoir may 
be divided into two portions, the upper portion being of a very moun-
tainous and rocky character, with a relatively great rainfall and high 
percentag of run off, and the lower or hilly portion containing less 
rock and being of a rolling and more or less sandy character. A careful 
in pection of the basin and comparison with the topographic map show 
that the basin may be divided into the two parts described, approxi-
mately on a 3,000-foot contour. 
Acres. 
The area of the portion above 3,000 feet in elevation is. ___________________ 55, 632 
The area of the portion below 3,000 feet in elevation is. _________ __ ________ 35, 568 
Total area of basin. ___ ____ ___ ___ _____ _____ _ . ___ __________ . ____ • _ _ _ _ 91, 200 
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Estimated run-off from Queen Creek basin. 
Rainfall Part I, 55,632 acr es. Part II, 35,568 acres. Run-off 
Year . at Camp 
I 
from ba-
McDow- R ain. Run-off. Rain. Run-off. sin, 91,200 ell. acres. 
---
Inches. Inches. I nches. Acre-feet. Inches. Inches. Acre-feet. Acre-feet. 
1800-67 - _ - -- - ---- ____ 9.37 13.9G 3.00 13, 908 11.90 0.20 593 14,501 
1867-GB _________ ___ -- 19. 84 29 . 5U 16.60 76,958 25.20 4.48 13,279 90,237 
1868-6!) ___ --- -- __ --- _ 8. 01 11. 93 2. 00 9, 272 10.17 .00 0 9,272 
18li!J-70 _ -- --- ----- - -- 7.53 11. 22 l. 70 7, 881 9. 56 .00 0 7,881 
1870---71 __ - - __ -- -- -- -- 3.91 5. 83 .30 1,391 4. 97 .00 0 1,391 
1871-72 -- ___ --- -- - - __ 20. 02 29. 83 16. 83 78, 024 25. 43 4.55 13,486 91,510 
1872-73 ____ - _ -- -- -- -- 4.86 7.24 . 40 1, 854 6. 17 .00 0 1,854 
1873-7 4 ________ __ ____ 16.83 25.08 11. 60 53, 778 21.37 2.35 6,965 60,743 
1874-75 8. 25 12.29 2.25 10,430 10. 48 . 01 30 10,460 
18,"5-~ 5 _ -- __ ----- -- __ 8. 79 13. 10 2.60 12,054 11.60 .01 30 12,484 
1876-77 . _ -- _ ---- - ---- 5. 94 8.85 .80 3, 709 7.54 . 00 0 s, 709 
1877- 78 _ -- __ -- --- . --- 12. 41 18. 49 5.80 26,889 15. 76 . 70 2,075 28,964 
1878-70 _ --- __ - --- -- - - 6.17 9. 19 .95 4, 404 7.84 .00 0 4,404 
1879-80 _____ ___ -- _ - - _ 9. 88 14. 72 3.50 16,226 12. 55 .20 593 16,819 
1880-81 ______ ---- -- -- 8. 77 13. 07 2. 65 12,285 11. 14 .01 30 12,315 
1881-82 _____ -- - -- __ -- 7.28 10.85 1.50 6, 954 9. 25 .00 0 6,95-1: 
1882-83 _ --- __ ---- ---- 7. 71 .11. 49 1. 75 8, 113 9. 79 . 00 0 8,113 
1883-84 __ -- - - __ -- ---- 15.52 23. 12 9. 50 44, 040 19. 71 1 . 70 5,039 49,079 
1884-8-5 ______ ---- ---- 14.33 21. 35 8.00 37,088 18.20 1 . 30 3,853 40,941 
1885-86 __ ---- _ - - _ -- -- 11. 37 16. 94 4. 95 22,948 14.44 . 45 1,334 %3,282 
1886-87 ---------- ---- 4.15 6.18 . 32 1, 484 5.27 . 00 0 1,484 
1887-88 _ -- _ ------ ---- 10. 96 16.33 4.50 20, 862 13. 92 . 40 1,186 21,048 
1888-89 ______ - --- - - ··- 12. 95 19.30 6. 40 29, 670 16.45 .95 2,816 32,486 
1889-90 ______ ---- -- -- 14. 38 21. 43 8. 05 37, 3:W 18. 26 1. 30 3,853 41,173 
Assuming the con struction of a dam to a height of 115 feet above 
the bed of the creek and allowing 5 feet for depth of spillway, the 
flow line of the reservoir would be at contour 2,160 feet · above sea 
level. If the water were drawn off at a height of 2,100 feet or 60 feet 
below the flow line, the available capacit,y of the reservoir would be 
27,810 acre-feet. 
On these assumptions and taking the run off above computed, the 
following table has been prepared showing how we should have fared 
between the years 1866 and 1890: 
Hypothetical histor·y of Queen Creek reservoir, with annual duty of 10,000 acre-feet. 
Date. 
Reserve Probable Avail-
Run-off . pi!~~us ev3:p- able for Excess. Deficit. 
year. orat10n. use. 
-------------- 1----- ---·------,,----->---_., ___ _ 
18!iu- G7 _____ _ - _ · - ·- __ •.•• __ ___ _ . _____ ____ _ 
1867- (xl _ ·------- ------ --- -- -- - ---- --·· ·---
1868-6!/ . - - - - - - - - - - . - - - - - -- - - - . - - - --. - - - -- -186!J- 7U _________ ____ _______________ ______ _ 
1870- 71 _______ ____ ___ __ ___________ __ __ ___ _ 
1871-72 . _________ . _________ . __ ____ ___ . ___ _ 
1872-78 ------ - ---·· ------ ---- ---- · - . - -----1873- 74 ______ __ ___ __________________ _ ----- -
1874-75 ------ ---· ------ --------------· · --187 5- 7ti __________ . ________ - -- - - - -_ - - - - - _ - -
18;"6-77 _____ . ____________ . ___ . _. ____ . ____ _ 
1877-78 - - -· __ ----- _ -- _ ------ ---- ---- _ --- --
1878-79 ______ ____ . - - - - - - - - - - - - - - - - - - - - . - - -
1879-80 -- -- __ - ---· - ----- - -- --- ------ ------
1880-81 -- . -- --- ---- ------ - - --- ---- ---- --- -
1881-82 _____ ·--- ·--- ---- ·--------- -- ------
1882-83 ------ - - -- - - ---- ---- ---- ---- -- ----
1883-84 -- -- _ ----- --- ---- . --· -------- ------
1 4-85 ----- - - -- --- -- ·-· ---- ---- ---- - -----
1885-86 - - - - - ----- --- ---- ---- ---- ----- -----
1886 7 -----------------------------------
1 7 ---· ---- --- - . ---- - - - -. --- ---- ------
1 -89 -· -- ------ -- ---- ----- -----· -- - - ----
1889-90 _____ -------- -- · - ---- _ --- _ --- _ -----
. D o . ... 7-4 
M:~~ 1-- --f:uf 
9,27a 27,810 
7,881 I 19,000 
1,391 
91,510 
11,881 
1,854 27,810 
60,743 13,608 
10,460 27, 000 
12,484 18, 000 
3,709 15,484 
28,964 4,893 
4,404 18,000 
16,819 7,604 
12,315 10,200 
H~ 8,515 2,46'9 
49,079 
40,941 19,00G 
23,282 18,000 
1,484 18,000 
21,048 4,984 
32,486 12,002 
41, !?'3 18,000 
2,152 12, 349 2, 349 
5,428 27, 810 27,810 
6, 056 27, 810 19,000 
5, 000 21,881 11,881 
3, 900 7, 981 
4, 000 27,810 27,810 
6,056 23, 608 13,608 
5, 000 27, 810 27, 000 
6, 000 27,810 18, 000 
5, 000 25,484 15,484 
4,300 14,893 4, 893 
5,500 27, 810 18, 000 
4, 800 17,604 7, 604 
4,223 20,200 10,200 
4,000 18,515 8,515 
3,000 12,469 2,469 
2,000 8,582 
3,000 27,810 19, 000 
5,500 27,81,0 18,000 
5,000 27,810 18,000 
4,500 14, 984 4, 984 
4,000 22,032 12, 032 
5,000 27,810 18,000 
5,500 27,810 18, 000 
2, 019 
1, 418 
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This estimate indicates that we should have had in the time speci-
fied two years of deficient suppiy, 1871 and 1883. The deficiency of 
1883 is caused by two successive dry years, each furnishing less than 
the required irrigation supply, and preceded by a year of less than 
average run-off. The deficiency of 1871 is caused by a succession of 
three dry years, that of 1871 being the driest on record. This is by 
far the severest drought in the record, but is largely relieved by the 
fact that the year 1867-68 was a year of phenomenally large rainfall 
and. run-off; but though the reserve capacity in the reservoir is nearly 
180 per cent of t_he required amount for irrigation, and though in the 
years 1868, 1869, 1870, and 1871 over 46,000 acre-feet were stored, 
being considerably in excess of the amount required in those yea1·s for 
irrigation, yet the evaporation in this country is so high a~ to eause 
a deficiency of 20 per cent in the year 1871, when this drought culmi-
nated. It will be seen that this item of evaporation places a limit upon 
the usefulness of reserve storage. 
No matter how great the capacity of the reservoir, it would not be 
practicable to supply for irrigation very much more than 10,000 acre-
feet per annum from this basin, for although that figure is much less 
than the average run-off, the year:-; of maximum run-off are so far apart 
as to allow the excess from one year of excessive run-off in most cases 
to evaporate before the next year of excessive supply. The two defi-
ciencies here indicated are not of a seriou8 11ature. In the year 1871, 
according to this eHtimate, 80 per cent of the normal supply is avail-
able, and the shortage would not seriously interfere with irrigation 
operations. 1.,he deficiency of 1883 is less. Here a supply of 86 per 
cent of the normal is furnished. In view of the fact that under a 
storage proposition a shortness of supply is known at the opening 
of the sea on, the d ficit is much less serious than if it occurred in a 
propo ition depending upon a supply not susceptible of prediction. 
In such a year as 1 3, the amount of water in the reservoir at the 
opening of the ea on would indicate that the supply was less than 
u ual and it could be accordingly used with greater economy, and no 
more crop planted than could be supplied with water. 
One featu re of th ca e, however, deserves mention. It will be 
notic d that if the record had begun with the year 1868-69 instead of 
1866-67, the supply woul have been short for three successive years; 
ab ut 7 p r ent short the fir t year, about 21 per cent the second 
y ar, and in the ar 1 71 the shortage would have amounted to 86 
per cent, as no r rve would have been furni shed from previous 
year . 'rh only ircumstance that prevent a very serious shortage 
in h 1 ar 1 71 i. th very exce ·sive supply left from irrigation in 
h · ar 1 G . 
If the plant her rec mmended were constructed, therefore, it need 
n b nrpri in if th fir t two or three years should. show a de:fi.-
p rhap av ryseriouson , but a soonasayearof xtraor-
inar r 1 fall had urr d, uch as 1 6 , 1 72, 1 74, or 1884, the table 
in i te hat n ' ri u defi. ien y would again happen. 
If i i ' p iall uar again t u h hortage as well a the 
<l fl it fodi at i1 h t 1 , it iO'ht b w 11 to tabli h two or thr 
g pumpin<Y lant . JJ:h t firri a i n by pumping, according to 
th im f thi r p r i mu h r ater than by thi storag y m, 
but h hief lem n f i h runninO' xpen e , the fir t o t 
b in mpara i ely, mall. Thi· it m of running xpen es, ho\ ver, 
ul _ in ol nl in h a1~ , h n h rtag occurred, and if 
only in ·un 1 n · in w 1 at d 1 y h tabl , w uld 
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not be heavy. As a reserve possibility, therefore, such a plan is worth 
considering. It might be installed at once from the general appro-
priation for irrigation on Indian ~eservations n?':7 available, and w~uld 
serve as an immediate partial relief to the cond1t10n on the reservat10n. 
If it were found ultimately that such a plant is not required as a reserve 
ao·ainst dry years it could then be utilized as a constant source of sup-
ply to increase that of the r~servoir, or, better still, t~e duty of tl_ie 
reservoir could be somewhat mcreased and the pumpmg plants still 
used as a reserve against deficits which might occur under the increased 
duty. . 
There is one fact that may be considered settled. Whatever error 
occurs in these estimates of water supply can be rectified by changing 
the duty of the reservoir. For instance, assuming the above table of 
run-off and evaporation as correct, if we should reduce the annual 
duty of the reservoir to 8,000 instead of 10,000 acre-feet, there would 
be no deficit whatever. As it will require some time to settle the 
Indians on the reservation, according ·to the ultimate intention, and 
to bring the land under cultivation, the full duty of the reservoir will 
probably not be required the first year or two, and if it is found that 
the assumption of a duty of 10,000 acre-feet is too great a lower one 
can be adopted and adhered to without any change in the constructed 
plant. 
Similarly, if a higher duty is found attainable, it can be abundantly 
utilized on the reservation. rrhere is no danger of a water supply 
from this proposed construction being greater than required for the 
pmpose. The only question is in regard to its sufficiency, and to 
insure this is the motive for providing so large a percentage of reserve 
storage. 
In short, it may be said that the plan of construction here outlined 
should be carried out regardless of any errors that may exist in the 
assumption of water supply, for if the water supply is less than esti-
mated a slight reduction in the duty of the reservoir will provide a 
larger storage for imrplus, which, together with the smaller require-
ment for annual use, will meet the conditions as found to exist. On 
the other hand, a slight increase in the duty will operate as a corre-
sponding decrease in thB reserve storage as well as a heavier draft 
upon the synchronous run-off, and thus an adjustment of the required 
dnty through no very wide limits will utilize the reservoir to its full-
est extent. Thus it is that where indications point to the necessity of 
providing a storage proposition with ,a large r eserve storage, n,n accu-
rate knowledge of the hydrographic possibilities of the catchment area 
is somewhat less essential than where it is proposed to consume the 
entire capacity of the storage reservoir every year, though the absence 
of such knowledge leaves the irrigation duty of the reservoir in doubt. 
The operation of the mines at Silver King and of the smelter at 
Pinal has made many people familiar in a general way with the his-
tory of Queen Creek for a period of seventeen years or more. Dili-
gent inquiry was made among such people, and they agreed without 
exception that Queen Creek was subject to large freshets every year. 
The agreement on this point, as well as the emphatic opinion uni-
ver ally expre ed that a large reservoir at this point '' would be illled 
every year," i. considered a favorable indication, though no weight is 
given.to those facts in the above estimate of water supply. 
A· m t~10 case of The B1:tte_s reservoir, the problem of silting up is 
of gr at 1mportan eat this site. The method of cleaning tho reser-
voir by flu hinO' it out, as employed in European countries, is far more 
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applicable at this site than the one at The Buttes, owing to the greater 
declivity of the creek and to the aggregation of the storage capacity, 
relatively much nearer the dam. 
An inspection of the map and the table of capacities shows that the 
capacity of the reservoir can be doubled by increasing the height of 
dam 30 feet, and this can be done without excessive cost. 
A storage capacity of 3,000 acre-feet will remain below the bottom 
of the outlet tunnel, and hence it will be some time before it will be 
necessary to employ any means of cleaning the reservoir; but when 
such time does come, the methods previously indicated will doubtless 
be ample for all purposes. 
The outlet to this reservoir would be through a, tunnel, and would 
nece arily be ~Lbout 400 feet long. By building a tunnel more 
directly toward the destination of the water, however, the eonstruc-
tion of some expensive sidehill fluming would be avoided as would 
also the danger from the discharge of the spillway. Such a tunnel 
seems at present to be advisabie, and would be about 800 feet in total 
length. For a short distance farther the conduit would be through 
hilly country and rather expensive, consisting partly of canal and 
partly of flume; but for nearly the entire remaining distance the 
canal would be through perfectly smooth country, without even a 
well-marked drainage line to obstruct its course. On this portion 
of the canal, however, a number of drops would have to be im;erted, 
as the country falls much more rapidly than required by the grade of 
the canal. The Gila River would have to be crossed by a flume on 
tre tlework, and the water would be delivered on the banks of the 
river at tho upper end of the Indian reservation. 
The pr liminary estimate of the cost of these storage works and 
the delivery canal is as follows: 
110,000 cubic yards of loose rock in dam, at 80 cents __ . ____ ______________ $88,000 
12,000 square yards rock facing, at $1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12, 000 
Excavation, 16,00 yards, at $1 _ _ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ ______ __ _ __ _ ______ _ 16,000 
Ma onry curtain at toe, 1,000 cubic yards, at $10____ _ _ __ _ ___ _ _ _ _ ___ _ _ __ _ _ 10,000 
A phalt concrete facing, 60,000 square feet, at 16i cents______________ __ __ 10, 000 
Outlet tunnel, 00 feet, at Sl O . _. ____ . __ . ________________ _ . _____ . _______ . 8, 000 
Sidehill ditch, 10,000 feet, at $1 ______ ___ ____ . _. _______________________ . _ 10, 000 
Ditch in plain, 20 miles, at $600 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12, 000 
Dr ps in dit h , 500 feet, at $10 ___ . ______ __ _____ _________ _________ .. _ _ _ _ _ _ 5, 000 
Flume, f> 00 feet, at $3 ___ __ _____________ ______ . __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15, 000 
~;t~~el~fy·ai~~ges~ ~:: _ ~:: :~::::: ~ ~: ~ ~:: ~: ~: :::~ :::::::::::::::::::: 1~: iii 
Add 10 per cent for contingencies _ . ______ . __ . ___ _____ ___________ . _ _ _ _ _ _ _ 20, 000 
Total _ . ______________ ____ . _ . _______________ ________________ . _ _ _ _ _ 221, 000 
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duty of the reservoir is more nearly what seems to be required by the 
existing problem. . . 
It is recommended that in case the above p~an is adopted an addi-
tional appropriation be made of $15,000 for the ins_tallation of pump-
ing plants, which will at on_ce relieve in s_om.e degree the d_~mand for 
water for irrigation, and will be a good mvestment for this purpose 
alone and can be used in future after the reservoir is constructed to 
tide ~ver dry years, as suggested in connection with the reservoir 
discussion. 
If this sum could be allotted from the appropriation already made 
for irrigation on Indian reservations, it should be done, and the wells 
dug and the necessary machinery installed without delay ·for use 
during the coming irrigation season (1897) and remain in use to their 
full capacity until the reservoir is ready for duty. 
The excavation to bedrock for the dam would necessarily be done 
during the only season enjoying immunity from floods, namely, the 
months of March, April, May, and June. A failure to take advantage 
of that season, therefore, would delay the construction of the dam one 
year. 
If the appropriation of $221,000, required for the construction of the 
reservoir, were made during the present Congress, so that work on the 
dam could be commenced promptly on the 1st day of March, 1897, it 
could probably be completed in time to be in full use in the fall of 
1898. 
CONCLUSION. 
Having given the results of this investigation regarding the feasi-
bility and cost of the various methods of obtaining a water supply, it 
now remains to consider which method, in view of the ascertained 
facts, it is most advisable to adopt. 
As before indicated, the possible methods are (1) pumping from 
wells; (2) construction of a large reservoir at The Buttes; (3) con-
struction of Queen Creek reservoir. 
The cost of pumping from wells is so very much greater per acre-
foot than the cost of either of the two storage propositions that it is 
considered prohibitive as a method of obtaining an entire water sup-
ply. It can be used, however, to a limited extent as an adjunct to 
the Queen Ureek proposition to tide over a shortage due to a succes-
sion of dry years. The question is therefore narrowed to a choice 
between the reservoir at The Buttes and one at Queen Creek, reen-
forced, if necessary, by wells. 
The Queen Creek project offers as its utmost possibility a supply 
of water barely sufficient for the present minimum demands of the 
Indian reservation. If it is intended to settle any considerable num-
ber of Indians on the reservation other than those mentioned in 
this report-and there is abundant fertile land for that purpose-or if 
the present Indians grow as they should in numbers and ability to 
cultivate larger tracts, then an additional independent water supply 
would have to be provided by the relatively more expensive method 
of pumping. The cost of such additional supply would be somewhat 
1 , than the estimates for pumping would indicate, because in years 
of exces ive upply the waters of Queen Creek could be made to do 
h en ire duty and the running expenses of pumping saved. The 
table how six such years in the record of twenty-four. On the other 
hand, th co t of torage per acre-foot is much less by the use of The 
Bu tes reservoir than l>y the Queen Creek. It would furnish as much 
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water as might be clesired for the Indian reservation, and leave a large 
surplus to be sold to settlers on Government lands under the canal 
system. . 
It seems certain that it will some day be desirable to furnish the 
Indian reservation about 20,000 acre-feet of water per annum. This 
is double the estimated capacity of the Queen Cre~k reservoir. If 
this amount of excess were furnished by pumping from ·we11s, this 
investigation indicates that the total cost, capitalizing the running 
expenses at 4 per cent, would be in the neighborhood of $1,000,000. 
Double this sum invested in The Buttes reservoir would furnish a 
reliable supply of seven or eight times as much water, and the surplus 
could be used to give value to the large tract of Government land 
which it would serve, and the Government could thus recoup itself 
for the expense of the construction. There is therefore no question 
but that, for the provision of this quantity of water, the const-ruction 
of The Buttes reservoir is by far the cheapest method in the end. 
Somo broad questions of public policy are also involved in this 
problem, and deserve serious conRideration. These .two reservoirs 
are great natural resources, and it is to the public interest that they, 
together with the public lands which they would water, should be util-
ized to the greatest possible extent. 
In order to take the waters of Queen Creek to the reservation they 
must flow through 20 miles of the most excellent irrigable land, on 
which they would of course be used if not taken to the Indian reser-
vation, and which can not otherwise be watered, and a large amount 
of construction would be saved, as well as great loss of water from 
evaporation and seepage. 
On the other hand, the Indian reservation is a part of the territory 
that -v ould naturally be irrigated from The Buttes reservoir, and could 
b rea ·bed as cheaply as any land that would be served in lieu thereof. 
A r ad economy therefore dictates the choice of The Buttes proj-
t, and the Government, being the owner of the lanrls to be watered, 
i directly interested in having them reclaimed as economically as 
po, ible. 
, ' bearing directly upon the question, I beg leave to quote from 
y m· valuable paper on "The public lands and their water supply," 
publi hed in Part II of the ixteenth Annual Report of the Geological 
'unTey, a. follow. : 
. I_t is a fact now generally recognized that any considerable extension of the area 
11'1:gated from streams can come only from the successful operation of large enter-
pn . . The e, however, have not been favored by popular sentiment nor by leg-
ISlation there being a prevalent feeling that the corporations controlling the nec-
e ry funds and conducting operations on a large scale may prove a menace. The 
land law have been o framed that it is impossible for large associations to obtain, 
legally ~itl to tracts of such size that the sale of the e will repay the cost and risk 
of buildmg a great canal. Th re are exceptions to this in the cases of the old 
Spanish grant and of donations to railroad corporations where it has been possi-
ble for inv tors to acquire considerable areas lying adjacent to one another, and 
here ome of the large t irrigation projects of the country have been successfully 
~ndertaken. The conditions of acquiring 0~1;1e~·ship to the great bulk of thepub-
h lands now vacant, howev r are such thatit 1s impracticable to attempt to ecure 
title to contiguous area , and without uch title to the land to be reclaimed it is 
doubtful whe her anylarg canal an be profitably built; for experience l:\as hown 
that the only safe inve tment in thi line is wher the expense of construction is 
r epaid out f the incr a d valu of the land rather than by the sale of water 
rights or 1..,y annual rentals. The price of the e water rights and the amount 
which can be charged a h year for th privilege of taking water through a large 
syst.em are in mo t tat und r th c n trol of the legi lature or·of county official 
so that corp ration in this r e pect are at the rn rcy of the pe ple rather th n the 
reverse. 
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It appears, therefore, from the study of . the conditions,. that no .great develop-
ments can take place except through State or Government mterve~t10n, or through 
such changes in the land laws •as will pei:mit person·s undertakmg great enter-
prises to obtain ownership of the-lands to be ~e1:efited and secure to the~s~lves 
the increment of value under reasonable restnct10ns. Under present conditions, 
should a great project involving the public lands be proached, the !ands in question 
are liable to be filed upon at once by speculators eager to obtam the u1:earned 
increment due to the enterprise of others. As a result, the farmer who ultimately 
buys and cultivates the land must not only refund, in one way or another, the 
original cost of the project, b11t must do this in addition to paying an increased 
valuation due to speculation. If the land is worth $1.25 per acre, the Government 
price, the prospective canal may cause this to increase, say, eight times, or to $10 per 
acre. The speculator, learning of the project, can under present laws rush in 
and file upon a homestead, and if fortunate secure this profit with comparatively 
little risk or expense to himself. The farmer must ultimately pay this advance, 
which equitably should have gone to reimburse the outlay for reclamation. In 
other words, under present circumstances the farmer is -called upon to pay a double 
cost for reclamation, when under possible theoretical conditions the increase in 
value of the lands over their sterile condition should pave done thiil. 
This statement of the case a,pplies with especial force to southern 
Arizona, where the land is· worthl~ss without water, but becomes won-
derfully productive under irrigation, and points directly to the advis-
ability of Government construction of the great reservoir at the Buttes, 
irrespective of the advantages it .offers as ·a source of supply for the 
Indians. When these are also considered, _such advisability appears 
more emphatic. Other obstacles in the way of a private construction 
of such enterpri8es are set forth on page 503 of the same report, as 
follows: 
The storage of water, except under the most favorable conditions, is one of the 
class of undertakings which have not been financially successful. The enormous 
first cost involved in making a perfectly safe structure, or the destructive and dis-
astrous results following imperfect construction, have deterred possible investors. 
There is probably no construction involving greater menace to life and property 
than an insecure dam situated on the main drainage lines and above settlements 
and habitations. Esp<?cially is .this the case in the West, where storms of extraor-
dinary violence, or "cloudbursts," are apt to occur at almost any time of the year. 
Yet, with the progress-of settlement it will· be necessary to build reservoirs, and 
due provision must be made for building them under proper supervision and with 
every regard to permanence and safety. In previous publications of this Survey 
description has been given of various classes of dams-earth, timber, and masonry-
with a full discussion of the cost and character of many already completed and 
of others designed. It is therefore unnecessary to discuss this matter at length. 
At present, however, the attitude of investors, especially in the public-lands States, 
where it is difficult to procure ample capital, is toward extreme economy in con-
struction. There is an unwillingness to pay out large sums either for engineering 
skill or for thoroughness of work, due chiefly to the desire to obtain immediate 
returns through rapid construction and quick sale_ of the property. As a result, 
many of the dams already built are open to severe criticism, and progress in this 
line has been discouraged. · 
It is also a well-known fact that even when the irrigable lands are 
owned by the water company many :financial failures occur, as set 
forth by you in the appendix to the census report on "Agriculture by 
irrigation," as follows: 
During the years when settlers are slowly coming in and the larid is being 
brought under cultivation the interest charges and cost of maintenance are as 
great or greater than at any other period, and the management of many a good 
sy tem of water supply becomes embarrassed for lack of funds. 
Public con truction would escape this difficulty in the main, for 
two rea ons. By reason of its superior credit, the Government can 
?b~ain_funds at about-one-half the interest charge which the average 
1rrwat10n company would have to pay. The completion of the reser-
voir an l canal would require at least four years from . the time the 
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appropriation became available, and the confidence in a Government 
water right, together with the wide publicity the matter would unavoid-
.a,bly obtain, would make the land sell rapidly. There can be little 
doubt that the land would sell as fast as the water could be delivered. 
It will be seen that all these difficulties are greatest with the largest 
enterprises. The Queen Creek enterprise, being of moderate cost, can 
and probably will be constructed before many years by private or 
corporate interest, while that at The Buttes, being ten times as large, 
would be proportionately difficult for private individuals to handle. 
It is doubtful if-it will ever be built by private enterprise under exist-
ing circumstances. 
THE PLAN RECOMMENDED. 
The plan recommended, therefore, is the construction of a storage 
reservoir at The Buttes, an<l canal and distributaries on the plans indi-
cated previously in this report. For this purpose an appropriation 
of '2,244,000 should be made immediately available, and authority 
granted for the condemnation of right of way when necessary. 
THE ALTERNATIVE PLAN. 
The alternative plan submitted is the construction of a storage res-
ervoir on Queen Creek and a canal to the reservation, in accordance 
with the plans previously outlined. For this purpose an appropria-
tion of $221,000 should be made immediately available, and .authority 
granted for the condemnation of right of way. 
TOPOGRAPHIC WORK. 
The topographic work executed in the course of this investigation is 
a follows: 
ca.I. Contour interval. 
Feet. 
oinches to 1 mile ______ 10 
Do--···--····· -·-· 10 1 inch to 50 feet _____ __ 2 
Do ---·-- -- -------- 5 
1 in h tolmil ________ 100 2in ·hes to 1 mile ______ 10 
Ir. . H. EWELL 
H ydrograph r 
ArP,a. Object for whinh surveyed. 
Acres. 
5, 651 Capacity of Buttes reservoir site. 
1, 191 Capacity of Queen Creek reservoir site. 
50 Location of Buttes dam site, and computation of quan• 
tities. 
6 Location of Queen Creek dam site, and computation of 
Sq.miles. 
quantities. 
143 Drainage basin of Queen Cr eek. 
250 Location of canal lines, and computation of quantities. 
ARTHUR P. DAVIS, 
Hydrographer. 
niterl > fates Geological 11rvey. 
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